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PREFACE  TO   THE  SECOND  EDITION. 

Ax   the  request   of  the   Lords  of  the  Committee  of 

Privy  Council   on  Education  I  gave  in  the  month  of 

August,  1876,  at  South  Kensington,  two  lectures  upon 

vgeological  maps  and  instruments  of  surveying.     These 

\Mectures  formed  part  of  a  series  designed  for  teachers, 

and  in  illustration  of  the  Loan  Collection  of  Scientific 

\J 

%v.  Instruments  at  that  time  exhibited.     Treating  ^the  sub- 
ject allotted  to  me  in  what  seemed  likely  to  prove  the 
.  most  useful   manner,  I  dwelt  more  specially  upon  the 
A  methods    of   observation    requisite    in    ordinary    field- 

N 

geology ;  and  endeavoured  to  show  how  by  the  practice 
fcj  of  these  methods  geological  maps  and  sections,  repre- 

x 

senting   in    condensed   form    the   facts    established   by 

^v 

field-work,  could  be  constructed.  The  lectures  were 
published  in  pamphlet  form  later  in  the  autumn  of  the 
same  year. 


vi  PREFACE. 

A  large  impression  having  been  sold  and  the  work 
having  been  for  some  time  out.  of  print,  the  publishers 
asked  me  to  allow  it  to  be  reprinted  in  a  more  perma- 
nent shape.  I  delayed  complying  with  this  request  until 
I  could  find  leisure  to  revise  and  extend  the  lectures.  I 
have  now  entirely  recast  them,  and,  dropping  the  original 
lecture  form,  have  thrown  the  matter  into  chapters,  with 
distinct  headings.  So  great  have  been  the  additions 
that  the  little  volume  now  issued  may  claim  to  be  a 
new  and  independent  work.  It  retains,  however,  the  un- 
pretending elementary  character  of  the  original  lectures. 
Aly  aim  has  been  to  write  primarily  for  that  large  and 
increasing  body  of  readers  who  have  made  some  general 
acquaintance  with  geology,  but  who,  though  much  in- 
terested in  the  subject,  find  themselves  helpless  when 
they  try  to  interpret  the  facts  which  they  meet  with  in 
the  field.  The  practical  knowledge  of  which  they  feel  the 
want  is  not  indeed  to  be  gained  from  books.  It  must 
be  sought  in  quarries  and  ravines,  by  hillside  and  sea- 
shore. But  hints  regarding  what  should  be  looked  for 
arid  how  to  set  about  the  search  may  not  be  without 
some  usefulness.  And  these  it  is  the  object  of  the 
following  pages  to  give. 

The  young  geologist  into  whose  hands  this  little  book 
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may  fall  will  therefore  remember  that  it  is  not  meant  as 
a  systematic  text-book  on  geology.  It  presupposes  him 
to  have  already  read  some  such  text-book,  to  have 
acquired  a  general  knowledge  of  the  scope  of  the 
science,  and  to  have  become  in  some  measure  familiar 
with  the  facts.  Its  purpose  is  to  be  suggestive  to  him, 
rather  than  didactic ;  to  put  him  in  the  way  of  intelli- 
gently observing  for  himself,  rather  than  to  present  him 
with  what  has  already  been  discovered  by  others. 

COLLEGE,  EDINBURGH, 
February ',  1879. 

PREFACE  TO  THE  THIRD   EDITION. 

A  FEW  additions  and  verbal  corrections  have  been 
made  to  this  edition.  The  reader  will  find  some  portions 
of  the  work  more  fully  treated  in  my  Text-book  of 
Geology. 

28,  JERMYN  STREET,  LONDON, 
October,   1882. 


CONTENTS. 


CHAP. 

I. — INTRODUCTORY 


PART  I— OUT-OF-DOOR   WORK. 

II. — FIRST    ESSAYS   IN   FIELD-WORK IO 

III.— ACCOUTREMENT   FOR  THE   FIELD l8 

IV.— GEOLOGICAL   MAPS 31 

V.— PRELIMINARY    TRAVERSES     OR     RECONNAISSANCES- 
CIRCUMSCRIBING  CONDITIONS 39 

VI.— DETERMINATION   OF   ROCKS 48 

VII.— THE   NATURE  AND   USE  OF  FOSSILS 7° 

VIII.— THE  TRACING  OF  GEOLOGICAL  BOUNDARY   LINES      .  87 

IX. — THE    UNRAVELLING    OF   GEOLOGICAL    STRUCTURE — 

DIP,  STRIKE,    OUTCROP 94 


x  CONTENTS. 

CHAP.  PAGE 

X. — THE    UNRAVELLING    OF    GEOLOGICAL    STRUCTURE — 

FAULTS IIJ 

XI. — THE   CURVATURE  OF   ROCKS 13! 

XII.— IGNEOUS   ROCKS 14! 

XIII.— SCHISTOSE  ROCKS— MINERAL  VEINS 156 

XIV.— SURFACE  GEOLOGY l66 

PARTII.—IN-DOOR  WORK. 

XV. — NATURE  OF  INDOOR  WORK — GEOLOGICAL  SECTIONS  179 
XVI.— CHEMICAL     TESTS      IN      THE      IDENTIFICATION       OF 

MINERALS  AND   ROCKS l88 

XVII. — MICROSCOPICAL  INVESTIGATION 291 


LIST   OF    ILLUSTRATIONS. 

PIG.  PAGE 

1.  Geological  hammer,  compass-case,  and  belt  ...  22 

2.  Clinometer 24 

3.  Maps  showing  the  effect  of  incorrect  topography  in  dis- 

torting geological  lines 35 

4.  Some  useful  signs  in  geological  surveying        ...  38 

5.  Weathered  crust,  showing  concentric  zones  of  oxidation .  51 

6.  Dolerite  (basalt)  weathering  spheroidally.    North  Queens- 

ferry          53 

7.  A  piece  of  granite.     Crystalline  structure       .         .         .  55 

8.  Piece  of  lava,  showing  crystals  and  steam-holes      .         .  56 

9.  Piece  of  conglomerate,  showing  the  characteristic  rounded 

water-worn  aspect  of  the  component  parts  of  many 

fragmental  rocks 58 

10.  Piece  of  volcanic  tuff 59 

11.  Piece  of  coal,   composed  of  matted  stems  of  Sigillaria 

and  Lepidodendron.     Carmarthenshire  (De  la  Beche) .  60 


xii  LIST  OF  ILLUSTRATIONS. 

FIG.  PAGB 

12.  Outlines  of  mountains  formed  of  stratified  or  sedimentary 

rocks.     Rocky  Mountains  (Hayden's  Report  of  Survey 

of  Western  Territories,  1874) 66 

13.  Outlines   of    a    mountain  formed  of   crystalline  rock. 

Rocky   Mountains   (Hayden's    Report    of  Survey    of 
Western  Territories,  1874) 68 

14.  Fossils  standing  in  relief  on  a  weathered    surface   of 

limestone 74 

15.  Ripple-marks  in  sandstone 77 

1 6.  Rain-prints  in  sandstone 78 

17.  Sun-cracked  surface  of  red  sandstone  marked  with  foot- 

prints, Hildburghausen,  Saxony         ....         79 

1 8.  Limestone  bored  by  lithodomous  shells  ....         80 

19.  Section  of  a  buried  land-surface  (De  la  Beche)       .         .        81 

20.  Section  of  inclined  carboniferous  rocks,  Joppa  Quarry, 

near  Edinburgh 82 

21.  Section  to  show  the  superficial  covering  of  soil ;  subsoil 

derived  from    the    disintegration  of  the  underlying 

rock '     ...        88 

22.  Section  of  a  valley  showing  the  outcrop  of  a  junction  of 

sandstone  and  shale  marked  by  a  line  of  springs          .         90 

23.  Sinuous  outcrops  of  horizontal  strata  depending  on  in- 

equalities of  surface  .......        96 

24.  True  dip  concealed  by  superficial  disturbance  of  the 

strata •        •        97 

25.  Inclined  strata  appearing  horizontal  when  exposed  at  a 

right  angle  to  the  dip        .        .-»••••        .        .        98 


LIST  OF  ILLUSTRATIONS.  xiii 

FIG.  PAGB 

26.  Map  showing  the  data  from  which  a  complete  geological 

tade   .  102 


27.  Complete  geological  map     ......  107 

28.  Section  of  an  overlap no 

29.  Overlap  and  unconformability,    Mendip  Hills   (De  la 

Beche) Ill 

30.  Portion  of  a  geological  section  with  an  impossible  un- 

conformability            113 

31.  Double  unconformability  at  Cullen,  Banffshire      .         .  115 

32.  Section  of  lias  and  new  red  sandstone  and  marl  cut  by 

faults  near  Watchet,  Bristol  Channel  (De  la  Beche)  .  119 

33.  Section  of  a  fault 121 

34.  Fault  marked  by  the  rise  of  springs  at  the  surface          .  122 

35.  Geological  section  showing  how  a  prominent  feature  at 

the  surface  may  be  caused  by  the  outcrop  of  a  hard 

rock  intercalated  among  softer  strata          .         .         .  123 

36.  Section  of  fault  with  inverted  beds  on  the  down-throw 

side 125 

37.  Section  of  inclined  strata 132 

38.  Section  of  inclined  strata,  showing  that  they  form  part 

of  a  large  curve 132 

39.  Section  of  strata  curved  in  an  arch  or  anticline    .         .  133 

40.  Section  of  strata  curved  in  a  trough  or  syncline    .         .  133 

41.  Anticlines  forming  valleys ;  synclines  forming  hills       .  135 

42.  Curved  limestone,  Draughton,  near  Skipton          .         .  135 


xiv  LIST  OF  ILLUSTRATIONS. 

FIG.  PAGE 

43.  Shales  contorted  by  a  landslip 136 

44.  Section  of  what  at  the  surface  might  be  mistaken  for  a 

continuous  vertical  series  of  strata,  shown  to  consist 

of  numerous  anticlinal  and  synclinal  folds          .         .         137 

45.  Inverted  contortions     .  f        +         .         .         .         138 

46.  Section  of  the  grand  inversions  of  strata  in  the  Glamisch 

Mountains,  Eastern  Alps 138 

47.  Cleavage  of  curved  strata 140 

48.  Section  of  a  portion  of  the  earth's  crust  broken  by  two 

disiscations  whereby  three  different  masses  of  strati- 
fied rock  have  been  brought  into  juxtaposition,  and 
with  two  masses  of  intrusive  igneous  rock  which  have 
risen  along  the  lines  of  fracture  .  .  .  .  144 

49.  Section  of  interbedded  igneous  rocks,  Linlithgowshire .          145 

50.  Upper  service  of  an  intrusive  igneous  sheet  with  over- 

lying shale       146 

51.  View  of  the  Island  of  Staffa  and  Fingal's  Cave,  show- 

ing amorphous  and  columnar  basalt  resting  upon  tuff         145 

52.  Section  of  a  dyke  rising  through  a  small  fault  and  send- 

ing out  a  vein  and  an  intrusive  sheet  or  bed  into  the 
surrounding  shales  and  ironstones  ....  147 

53.  Upper   surface  of  an  interbedded  igneous  sheet  with 

sedimentary  strata  lying  upon  it        .        ,.         .         .         151 

54.  Steam-holes  in  lava  drawn  out  in  the  direction  of  the 

flow  of  the  mass  and  becoming  more  and  more  flat- 
tened till  on  the  line  they  are  compressed  into  mere 
streaks  and  give  a  fissile  structure  to  the  rock  .  .  152 


LIST  OF  ILLUSTRATIONS.  xv 

FIG.  PAGE 

55.  Cracks  in  an  old  red  sandstone  lava  which  have  been 

filled  in  with  sandstone  from  above.     Coast  of  Kin- 

cardineshire 153 

56.  Granite  veins.     Cornwall  (De  la  Beche)       .         .         .  155 

57.  Foliation  of  mica-schist  and  grit-bands,  coincident  with 

bedding ,         ...  162 

58.  Map  of  part  of  the  mining  district  of  Gwennap,  Corn- 

wall          164 

59.  Cliff  cut  into  buttresses  and  recesses  by  means  of  the 

vertical  joints  of  the  rocks 167 

60.  Plan  of  a  peat-moss  which  has  filled  up  a  former  shallow 

lake,  except  one  small  patch  of  water      .         .         .  168 

61.  Section  of  a  peat-moss  made  in  the  excavation  of  the 

peat  for  fuel 169 

62.  River  terraces     .         .         .         .        .         .         .         .  170 

63.  Ice-worn  hummocks  of  rock 175 

64.  Striated  stone  from  the  boulder-clay    .         .         .         .  177 

65.  Illustrations  of  geological  section  drawing   .        .         .  184 

66.  Stages  in  the  construction  of  a  geological  section  .         .  186 
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CHAPTER    I. 

INTRODUCTORY. 

To  those  who  are  fond  of  the  country  and  of  long 
rambles  there,  geology  offers  many  attractions.  Few 
men  are  so  unobservant  as  not  to  be  struck  now  and 
then  by  at  least  the  more  salient  features  of  a  landscape. 
Even  in  a  flat  featureless  country,  the  endless  and  ap- 
parently capricious  curvings  of  the  sluggish  streams  may 
occasionally  suggest  the  question  why  such  serpentine 
courses  should  ever  have  been  chosen.  But  where  the 
ground  rises  into  undulations,  and  breaks  out  into  hills 
and  crags  ;  still  more,  where  it  towers  into  rugged  moun- 
tains, cleft  by  precipices  down  which  the  torrents  are  ever 
pouring,  and  by  ravines  in  the  depths  of  which  the  hoarse 
streams  ceaselessly  murmur,  one  can  hardly  escape  the 
natural  curiosity  to  know  something  about  these  singular 
aspects  of  the  landscapes,  when  and  how  they  arose,  and 
why  they  should  be  precisely  as  they  are.  For  the  day  is 
now  happily  past  when  the  sterner  features  of  the  land 
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awakened  only  a  feeling  of  horror;  when  they  were  styled 
hideous,  and  unsightly;  when  they  were  never  visited 
save  under  the  necessities  of  travel,  and  were  always  left 
behind  with  a  sense  of  relief.  Relics  of  these  feelings 
survive  to  us  in  such  phrases  as  wild,  savage,  uncouth, 
with  which  we  still  describe  that  mountain-world,  once  an 
object  of  awe  and  fear,  now  the  centre  to  which  a  yearly 
increasing  crowd  of  visitors  repairs  for  some  of  the  purest 
pleasures  and  most  healthful  recreation  which  this  world 
has  to  afford.  With  the  growth  of  an  appreciation  of 
natural  scenery  in  all  its  forms,  rugged  as  well  as  gentle, 
there  has  arisen  also  a  desire  to  know  on  what  causes 
these  diversities  of  outline  depend.  We  are  not  now 
content  as  our  fathers  were  to  accept  the  present  aspect 
of  a  country  as  that  which  it  has  worn  from  the  beginning 
of  time.  And  even  if  no  intelligible  answer  can  be  given 
to  them,  the  questions  I  have  referred  to  will  ever  and 
anon  force  themselves  on  our  attention. 

Nor  is  it  only  the  larger  and  more  impressive  features 
of  the  landscape  which  suggest  such  inquiries.  A  boul- 
derstone  perched  on  some  slope  or  on  the  edge  of  a 
crag,  seemingly  so  perilously  poised,  that  a  mere  push 
with  the  hand  should  send  it  rolling  into  the  plain 
below,  will  raise  in  our  minds  the  questions  why  the 
block  should  have  stopped  where  it  is,  whence  did  it 
come,  how  was  it  carried,  and  what  arrested  it  there  ?  On 
either  side  of  a  soft,  well-cultivated  valley  we  may  perhaps 
detect,  peeping  out  at  intervals  from  among  the  wood- 
land orchards  and  cottages,  a  strong  rib  of  rock,  form- 
ing everywhere  a  marked  feature,  with  its  grey,  lichen- 
crusted  face,  deep  fern-hung  shadows  and  tufts  of  sweet 
briar,  honeysuckle,  or  bramble.  Its  regularity  of  level 


I.]  INTRODUCTORY.  3 

suggests  at  a  distance  some  artificial  land-mark— a  road, 
or  fence,  or  some  ruined  rampart.  Yet  we  see  on  nearer 
inspection  that  it  must  be  a  natural  feature,  and  we  ask 
ourselves  why  it  should  have  arisen  on  the  face  of  those 
green  declivities,  and  why  its  course  on  the  one  side  of 
the  valley  should  be  so  exactly  repeated  on  the  other. 
Perchance  a  prominent  mound  rises  from  the  general 
level  of  a  plain,  so  singularly  as  to  have  attracted  notice 
from  the  earliest  times,  and  to  have  become  the  origin 
of  a  local  myth.  It  seems  too  large  to  be  due  to  man's 
operations,  even  if  any  intelligible  reason  could  be  assigned 
for  his  having  heaped  it  together.  On  the  supposition 
that  it  is  natural,  however,  how  are  we  to  account  for 
its  existence  ?  What  agent  could  have  lifted  its 
materials  and  piled  them  up  into  that  solitary  cone  ? 

Again,  the  merest  fragment  of  stone  picked  up  on  any 
everyday  ramble  may  furnish  questions,  for  the  due  an- 
swering of  which  many  years  of  profitable  study  might  be 
needed.  A  piece  of  limestone,  for  example,  may  show  us 
on  its  fractured  surface  abundant  fragments  of  corals  and 
shells.  With  a  little  inquiry  it  may  not  be  difficult  to 
ascertain  the  source  of  the  stone,  and  to  visit  the  rock 
;.n  place.  We  may  there  find  a  thick  bed  of  limestone, 
crowded  throughout  with  similar  organisms,  and  extending 
for  miles  across  the  country.  It  would  need  but  a  slender 
acquaintance  with  modern  science  to  make  us  feel  assured 
that  this  limestone  must  represent  an  old  sea-bottom  once 
thickly  covered  with  living  things.  We  might  muse  on 
the  strange  vicissitudes  of  nature,  wherein  the  busy  floor 
of  a  former  ocean  should  have  been  changed  into  a  land 
"made  blithe  with  plough  and  harrow,"  and  might  ask 
ourselves  how  and  when  these  revolutions  were  effected. 

B  2 
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In  the  course  of  another  walk  we  might  stumble  upon  a  bit 
of  stone  made  up  of  rounded  pebbles  cemented  together, 
as  if  a  handful  of  gravel  from  some  river-side  had  been 
hardened  into  stone.  Could  we  trace  this  fragment  also 
to  its  original  locality,  we  should  find  it  to  have  formed 
part  of  a  larger  bed  or  mass  of  what  is  called  conglo- 
merate or  puddingstone,  and  we  should  recognize  still 
more  the  exact  resemblance  of  the  constituent  stones  of 
this  rock  to  the  shingle  of  a  sea-shore,  or  the  gravel  of  a 
river-bed.  We  could  not  for  a  moment  doubt  that  the 
rock  must  be  merely  so  much  compacted  water-worn 
gravel.  But  where  lay  the  water  by  which  these  stones 
were  rounded  and  polished  ?  Was  it  the  sea,  or  a  lake, 
or  a  river?  What  was  the  aspect  of  the  country  then, 
and  through  what  cycle  of  change  has  it  past  to  reach 
its  present  condition  ? 

Thus  even  to  one  who  knows  no  geology,  the  problems 
of  the  science  are  presented  at  every  turn  and  in  every 
country  ramble.  When,  however,  some  acquaintance 
with  this  science  has  been  gained,  the  number  of  questions 
which  arise  for  solution  rapidly  increases,  and  with  their 
growth  there  augments  also  the  power  of  answering  them, 
or  at  least  the  pleasure  of  seeking  for  their  solution.  The 
observer,  as  he  finds  his  knowledge  and  consequently  his 
confidence  enlarged,  discovers  on  the  one  hand  that  facts 
which  he  took  for  granted,  and  which  never  raised  in  his 
mind  any  question  or  difficulty,  now  demand  some  ex- 
planation, and,  on  the  other,  that  he  has  to  disabuse  him- 
self of  many  prejudices  or  notions  which  grew  up  in  his 
mind,  he  cannot  tell  when  or  how.  For  example,  it  never 
used  to  occur  to  him  that  there  was  anything  especially 
deserving  of  notice  in  the  fact,  that  the  stones  of  an  old 
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building  almost  invariably  have  lost  their  sharp  edge,  and 
in  many  cases  are  crumbling  and  honey-combed.  But  he 
now  observes  these  aspects,  and  derives  from  their  study 
another  pleasure  to  be  added  to  the  many  which  an  in- 
teresting ruin  yields  to  every  one.  He  notes  what  kinds 
of  stones  decay  most,  on  which  aspect  of  the  building 
the  weathering  is  most  advanced,  and  endeavours  to 
ascertain  on  what  circumstances  the  disintegration  seems 
to  have  depended.  For  he  recognizes  that  the  walls  of 
a  building  may  be  likened  to  the  sides  of  a  crag  or 
precipice,  and  that  in  contemplating  the  progress  of  decay 
in  a  human  edifice,  he  can  learn  not  a  little  respecting 
the  laws  which  govern  the  disintegration  of  the  moun- 
tains. Again,  he  no  doubt  began  with  the  common 
popular  belief  that  the  striking  features  of  a  landscape, 
notably  its  crags  and  ravines,  are  to  be  referred  directly 
to  the  operation  of  earthquakes  and  former  convulsions 
of  nature.  Slowly  and  perhaps  with  some  difficulty  he 
rids  himself  of  the  incubus  of  this  prejudice.  He  re- 
fuses any  longer  to  be  bound  by  preconceived  theory 
or  explanation,  but  insists  on  being  allowed  to  judge  of 
each  instance  on  its  own  merits  and  to  reason  upon  it 
with  reference  to  all  its  surroundings. 

If  after  having  familiarized  his  eyes  with  the  outward 
aspect  and  inner  geological  relations  of  his  own  district, 
the  observer  extends  his  journeys  into  other  regions,  he 
carries  with  him  an  added  power  of  enjoyment  in  every 
country  through  which  he  may  wander.  He  finds  that 
an  acquaintance  with  geology,  far  from  blinding  him  to  the 
softer  beauties  or  wilder  grandeur  of  a  landscape,  really 
quickens  his  perception  of  these  charms.  Practice  enables 
him  to  take  in  at  a  glance  the  dominant  features,  and  to 
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range  the  others  in  their  orderly  subordinate  places,  so 
that  the  harmony  of  the  whole  is  seized,  and  the  impres- 
sion which  it  makes  is  fixed  upon  the  mind.  If  I  may  be 
allowed  to  make  the  comparison,  it  is  with  the  apprecia- 
tion of  scenery  as  with  the  cultivation  of  music.  Most 
listeners  of  average  education  and  intelligence  thoroughly 
enjoy  a  sonata  of  Beethoven  ;  they  listen  to  a  harmonious 
variety  of  sound,  and  perhaps  at  the  close  awake  almost 
out  of  dreamland.  And  yet,  high  as  is  their  enjoyment, 
it  can  hardly  equal  that  of  the  musician  who  recognizes, 
as  movement  succeeds  movement,  the  skill  and  genius  of 
the  composer  who  could  so  vary  and  amplify  some  simple 
theme,  and  while  seeming  to  abandon  himself  to  a 
tumultuous  torrent  of  sound  could  keep  every  portion 
of  the  work  under  the  strictest  rules  of  art,  and  with 
a  breadth  and  harmony  that  bind  the  composition  into 
one  magnificent  whole. 

Should  the  traveller  find  himself  with  leisure  sufficient 
not  merely  to  look  at  the  scenery  but  to  examine  the 
rocks  which  form  its  groundwork,  he  will  again  find  his 
experience  at  home  stand  him  in  good  stead  and  give 
fresh  interest  to  his  journey.  He  will  encounter  other 
and  often  better  illustrations  of  phenomenon  with  which 
he  has  already  become  practically  familiar.  He  will 
perhaps  meet  with  facts  which  throw  a  bright  light  on 
questions  which  had  long  puzzled  him  in  his  own  country. 
Or  he  may  see  for  the  first  time,  and  with  a  joy  which  he 
alone  can  experience,  an  example  of  some  piece  of  geo- 
logical structure  which  he  has  known  only  from  books, 
but  which  he  now  and  for  ever  vividly  realizes. 

In  all  this  it  is  not  needful  that  he  should  claim  to  be 
a  geologist.  He  may  not  consider  his  observations 
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worthy  of  attention  from  professed  geologists,  or  he 
may  have  neither  time  nor  inclination  to  publish  them. 
But  none  the  less  does  he  enjoy  the  refreshment,  alike 
bodily  and  mental,  which  geological  work  in  the  field 
brings  with  it.  Should  he,  however,  deem  it  proper  to 
give  the  world  the  benefit  of  his  labours,  he  may  have 
the  satisfaction  of  adding  to  the  sum  of  knowledge,  and 
of  eliciting  the  thanks  of  geologists  who  will  gladly 
admit  him  of  their  number.  More  especially  should  he 
be  encouraged  to  publish  his  observations  when  they 
relate  to  unvisited  or  little  known  regions,  or  to  tracts 
where  he  has  enjoyed  exceptional  advantages  for  studying 
geological  phenomena. 

But  how  is  this  geological  experience  to  be  acquired? 
How  often  do  we  meet  with  men  who  have  read  ex- 
tensively in  geology,  yet  if  they  are  set  down  among  the 
rocks  find  themselves  hopelessly  adrift,  and  after  some 
despairing  efforts  to  recognize  in  nature  what  seems  so 
clear  in  the  diagrams  of  a  text-book,  give  up  the  pursuit 
in  disgust.  On  the  other  hand,  how  constantly  are  men 
to "  be  encountered  who  labour  under  the  delusion  that 
nature  is  as  easily  read  as  the  manual  whose  pages  they 
have  so  often  skimmed  over,  and  who  proceed  at  once 
to  quarry,  hillside,  or  mountain,  and  explain  its  geological 
features  with  much  more  confidence  than  those  would 
pretend  to  do  who  have  made  the  subject  their  prolonged 
study.  It  is  not  from  books  alone  that  a  man  can 
acquire  that  practical  acquaintance  with  geology  which 
will  minister  so  much  to  his  elevation  and  enjoyment. 
He  must  betake  himself  to  nature  from  the  first.  His 
lessons  in  the  field  should  accompany  his  lessons  from 
the  text-book  or  lecture- room.  In  many  cases  he  must 
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grope  his  way  without  guide  or  assistance.  His  progress 
will  be  slow,  but  in  the  end  he  may  find  that  it  has  been 
none  the  less  sure  and  pleasant,  and  that,  through  this 
very  tardiness  of  his  advance,  he  has  been  compelled  to 
master  thoroughly  every  foothold  of  the  way.  The 
following  chapters  are  offered  for  his  help.  They  are 
Tfc>*4«UStand  in  .the  place  of  a  systematic  text-book,  of 
which  he  will  find  still  constant  need.  But  still  less  are 
they  to  be  looked  at  as  in  any  way  a  substitute  for  prac- 
tical observation  in  the  field.  Their  aim  is  to  point  out 
how  observations  may  be  made,  what  kinds  of  data 
should  be  looked  for,  what  sort  of  evidence  should  be 
sought  to  establish  a  conclusion,  and  what  deductions 
may  be  drawn  from  particular  facts.  In  short,  they  are 
to  be  regarded  as  sign-posts  pointing  out  some  of  the 
high-ways  and  bye-ways  of  geological  inquiry,  but 
leaving  the  reader  to  perform  the  journey  in  his  own 
fashion.  Their  object  will  be  fully  realized  if  they  induce 
him  to  find  so  much  interest  in  the  pursuit  as  to  adopt 
it  as  a  frequent  solace  for  his  leisure  hours.  But  they 
are  so  arranged  that  it  is  hoped  they  may  not  be  found 
without  service  to  young  geologists,  who,  whether  at 
home  or  abroad,  would  fain  devote  themselves  with 
energy  to  the  task  of  geological  investigation. 

The  term  Field-Geology,  which  I  have  selected  as 
expressive  of  my  subject,  points  then,  to  practical  work 
in  the  open  field,  as  distinguished  from  the  researches 
which  may  be  carried  on  in  the  library  or  laboratory.  I 
wish  to  describe  some  of  the  methods  by  which  a 
geologist  obtains  his  information  regarding  the  nature, 
position,  arrangement,  and  history  of  the  rocks  of  a 
country.  Such  practical  observation  evidently  underlies 
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all  solid  research  in  geology.  He  who  would  pursue  the 
theoretical  parts  of  the  science  must  either  himself  lay 
a  foundation  in  good  thorough  field-work,  or  take  advan- 
tage of  the  foundation  which  has,  in  this  respect,  been 
laid  for  him  by  others. 

Field-geology  may  be  pursued  with  various  aims  and 
in  various  ways.  To  some  men  it  is  little  more  than 
another  name  for  holiday-making  in  the  country — fresh 
air,  healthy  exercise,  new  or  old  charms  of  scenery,  and 
a  bag  full  of  "  specimens  "  to  attest  the  scientific  nature 
of  the  work.  To  others  it  is  the  solace  and  delight  of 
busy  lives,  furnishing  them  not  only  with  bright  intervals 
of  escape  to  the  country,  but  with  materials  for  much 
profitable  thought  and  study  when  the  ordinary  duties 
and  cares  of  life  confine  them  to  their  work  in  town.  To 
other  men,  again,  it  is  itself  the  main  occupation  of  life, 
whether  they  cultivate  it  for  its  own  sake,  or  with  a 
view  to  the  economic  applications  of  which  it  is 
susceptible. 

There  are  few  countries  or  districts  where  field-geology 
may  not  be  cultivated,  and  where  its  healthful  influence 
as  an  educational  instrument  may  not  be  tested.  A  few 
days  of  intelligently  guided  observation  in  the  field  are 
worth  far  more  to  a  pupil  than  many  weeks  of  lectures 
and  reading.  But  we  seldom  hear  of  such  practical 
instruction,  mainly  because  the  teachers  never  received 
it,  and  have  not  had  time,  inclination,  or  opportunity  to 
develop  it  for  themselves. 


PART  I. 

OUT-OF-DOOR    WORK. 
CHAPTER  II. 

FIRST   ESSAYS    IN    FIELD-WORK. 

THE  direction  in  which  the  first  essays  of  the  observer 
in  the  field  should  be  made,  must  depend  mainly  upon 
the  nature  of  the  district  in  which  he  finds  himself 
situated.  Under  the  most  unfavourable  circumstances,  as 
for  instance  in  a  wide  cultivated  plain,  with  not  a  single 
quarry  or  natural  opening  to  show  even  the  nature  of  the 
formations  underneath,  he  may  nevertheless  discover 
something  to  engage  his  attention.  Thus,  he  may  find 
useful  employment  in  watching  the  operations  of  the 
streams  which  flow  sluggishly  through  his  neighbourhood, 
their  meanderings  and  the  efforts  they  make  to  straighten 
their  courses,  their  varying  quantity  of  mud,  the  effects 
of  floods,  the  evidence  of  successive  deposits,  and  height- 
ening of  the  flood -plain.  But  it  will  seldom  happen 
that  he  cannot  in  some  way  gain  access  to  the  geological 
formations  below  the  surface,  and  even  in  a  flat  and 
featureless  region  obtain  a  series  of  facts  which  will 
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enable  him  to  reason  as  to  the  history  of  the  region, 
and  to  decide  whether  the  plain  has  been  formed  by  the 
stream,  or  on  the  floor  of  some  ancient  lake,  or  perchance 
on  the  bed  of  the  sea. 

Where,  however,  numerous  openings,  either  natural  or 
artificial,  expose  the  strata  underneath,  the  observer  need 
be  at  no  loss  for  abundant  material  for  profitable  field 
work.  Should  some  of  these  strata  be  eminently  fossili- 
ferous,  that  is,  crowded  with  the  remains  of  once  living 
plants  or  animals,  they  will  almost  certainly  attract  his 
earliest  attention.  Probably  in  the  majority  of  cases 
men  have  been  led  to  the  study  of  geology  by  first 
becoming  interested  in  the  organic  remains  which  they 
could  collect  for  themselves,  carry  home  as  "  specimens," 
and  afterwards  thoughtfully  question  as  to  their  structure 
and  history.  No  doubt  the  mere  gathering  of  the  fossils 
is  the  first  and  final  achievement  of  a  very  large  pro- 
portion of  enthusiastic  beginners.  Even,  however,  if  the 
pursuit  has  had  no  other  advantage  than  that  of  affording 
ample  exercise  in  the  open  air,  it  is  perhaps  not  less 
beneficial  than  many  of  the  time  honoured  forms  of 
out-of-door  recreation. 

But  a  man  may  gain  much  more  than  healthful  amuse- 
ment from  fossil-hunting.  He  begins,  let  us  suppose,  by 
trying  to  get  hold  of  as  many  varieties,  and  as  perfect 
specimens  as  he  can  find  by  the  most  patient  search. 
But  the  mere  pleasure  of  the  pursuit  soon  begets  a  desire 
to  know  more  about  the  fossils.  If  they  are  plants,  the 
collector  strives  to  ascertain  their  names,  and  may  be 
content  perhaps  if  he  can  write  upon  them  their  proper 
Latin  or  Greek  appellations.  Possessed,  however,  of  a  real 
desire  for  knowledge,  he  seeks  to  ascertain  what  are  their 
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affinities  with  the  living  vegetation  of  to-day.  By  reading, 
by  visiting  museums,  and  by  careful  observation  along 
the  hedgerows  or  in  botanic  gardens,  he  endeavours  to 
realize  what  the  leaves  and  stems,  which  he  finds  in  the 
solid  stone,  really  were  when  they  waved  bright  and  green 
in  the  air  long  ages  ago.  The  information  he  can  glean 
as  to  their  probable  botanical  grade  and  habit,  leads  him 
to  re-examine,  with  greater  care,  the  circumstances  under 
which  they  lie  in  the  rock.  He  finds,  perhaps,  that 
they  occur  more  particularly  in  one  stratum,  which  we 
shall  suppose  consists  of  thin  leaves  or  laminae  of  a  kind 
of  hardened  clay.  It  is  on  splitting  up  thesa  laminae 
that  he  unfolds  the  fossil  plants.  Each  layer  seems 
entirely  covered  with  impressions  of  leaves,  stems,  fruits, 
or  other  parts  of  the  ancient  vegetation ;  but  the  fossils 
are  all  fragmentary,  though  well  preserved.  They  remind 
him  of  the  sheddings  of  trees  after  some  early  autumnal 
frost ;  the  fine  layers  of  hardened  silt,  on  which  they  lie, 
recall  the  laminae  of  mud  which  he  has  observed  in  the 
bottom  of  a  pond  or  dried-up  pool ;  and  in  the  end,  he 
concludes  with  some  confidence  that  his  fossil-bearing 
stratum  was  once  the  floor  of  some  inland  sheet  of  water, 
into  which  the  leaves  of  the  neighbouring  woodlands 
were  periodically  shed.  If  he  has  ascertained  that  the 
plants  are  more  nearly  allied  to  those  of  a  warmer  re- 
gion than  the  vegetation  now  flourishing  in  the  locality, 
he  allows  himself  to  speculate  on  the  probability  that 
a  warmer  climate  once  prevailed  in  his  own  country. 

The  remains  of  animals,  however,  are  immensely  more 
abundant  among  the  rocks  than  those  of  plants.  The 
observer  is  much  more  likely,  therefore,  to  begin  by 
lighting  upon  some  stratum  full  of  shells,  crinoids,  corals, 
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or  even  with  bones  of  fishes,  and  perhaps  of  reptiles. 
If  he  is  not  satisfied  merely  with  forming  a  collection 
of  these  remains  and  having  them  rightly  named,  but 
wishes  to  learn  what  they  have  to  tell  him  about  ancient 
types  of  life  and  old  conditions  of  physical  geography, 
he  addresses  himself  to  the  task  by  endeavouring  to 
find  the  nearest  analogies  in  the  living  world  to  the 
fossil  forms  which  he  has  disinterred  from  the  rocks. 
Patiently  he  tries  to  reconstruct  the  skeleton  of  which  he 
has  found  the  scattered  bones.  He  learns  to  recognize 
the  fragment  of  a  shell  or  other  fossil,  and  can  assign  it 
to  its  place  in  the  complete  organism.  While  the 
structure  and  zoological  relations  of  the  fossils  afford 
him  inexhaustible  stores  of  employment,  he  cannot  shut 
his  eyes  to  the  circumstances  in  which  these  fossils  occur, 
and  to  the  light  which  they  cast  on  the  history  of  the 
rocks.  Corals,  crinoids,  and  marine  types  of  molluscan 
life  bring  before  him  an  old  sea-floor,  and  though  the 
locality  where  his  leisure  hours  are  thus  sedulously  spent 
may  now  lie  far  in  the  heart  of  a  country,  with  venerable 
trees  and  hedgerows,  old  farmsteads  and  roads,  all  bearing 
witness  to  the  peaceful  cultivation  of  centuries,  the  sight 
of  that  rock  with  its  crowded  fossils  is  as  sure  evidence 
of  the  former  presence  of  the  sea  over  the  whole 
landscape,  as  if  he  heard  there  even  now  the  murmur 
of  the  waves. 

But  the  observer's  lot  may  be  cast  in  a  district  where 
no  fossils  are  to  be  found.  There  may  be  nothing  in  the 
rocks  themselves  to  attract  notice,  nothing  likely  to  inspire 
a  taste  for  geology  or  to  furnish  nutriment  for  a  taste 
already  existent.  It  is  remarkable,  however,  in  what 
apparently  unfavourable  circumstances  an  appetite  for 
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scientific  pursuits  can  not  only  exist  but  flourish.  Let 
us  suppose  that  the  district  in  question  consists  of  stra- 
tified rocks,  like  sandstones  and  shales,  and  that  these 
strata  are  exposed  to  view  in  numerous  quarries  and 
natural  sections.  The  varying  composition  of  the  beds, 
their  order  of  succession,  their  changes  in  character  as 
they  are  traced  over  the  country,  their  influence  upon 
the  contour  of  the  ground,  the  glimpses  they  afford  of 
an  ancient  geography  very  different  from  that  of  the 
district  to-day,  and  the  manner  in  which  they  have  been 
tilted  up,  curved,  and  broken  since  the  time  of  their 
original  formation — these,  and  a  thousand  other  parti- 
culars, will  eventually  give  even  barren  and  seemingly 
repulsive  rocks  a  charm  which  the  richly  fossiliferous 
deposits  of  the  observer's  later  experience  may  never 
possess.  If,  on  the  other  hand,  the  rocks  are  crystalline 
— granites,  schists,  and  other  similar  masses,  or  basalts, 
tuffs,  and  other  volcanic  accumulations,  the  geologist, 
who  begins  work  among  them  will  almost  of  necessity 
devote  himsalf  to  the  mineralogical  and  structural  side  of 
the  science.  He  may  be  first  attracted  by  pretty  minerals, 
— sparkling  felspars,  well  crystallized  and  variously 
coloured  quartzes,  glittering  micas,  and  many  more.  And 
doubtless  the  temptation  to  collect  them,  if  it  once  arises 
within  him,  will  not  be  likely  to  diminish,  so  long  as  his 
taste  for  geological  pursuits  lasts,  and  as  he  finds  himself 
face  to  face  with  the  minerals  in  the  field.  Pursued  not 
as  the  hobby  of  a  collector,  but  as  an  important  branch 
of  the  sciences  which  deal  with  the  architecture  of  the 
globe,  mineralogy  becomes  a  singularly  fascinating  study. 
I  shall  have  occasion  in  later  chapters  to  allude  to  some 
of  its  attractions.  Should  the  observer  be  led  from  the 
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minerals  to  the  investigation  of  the  rocks  among  which 
they  lie,  he  will  find  himself  in  presence  of  some  of  the 
most  interesting  problems  in  geology.  Some  of  these 
crystalline  rocks  are  amongst  the  oldest  of  the  globe; 
their  origin  is  linked  with  the  earth's  early  history,  they 
are  the  witnesses  of  the  power  of  that  internal  heat  which 
has  played  so  notable  a  part  in  the  growth  of  the  solid 
land.  As  a  rule,  too,  the  districts  where  they  occur  are 
more  rugged  than  those  which  the  fossiliferous  formations 
overspread  :  hence  they  present  everywhere  crags,  knobs 
and  bosses  of  rock,  as  well  as  the  more  continuous  sec- 
tions of  water-courses.  By  these  frequent  exposures  the 
successive  bands  of  rock  can  be  traced  across  the  dis- 
trict ;  their  variations  in  breadth,  in  composition  and  in 
mineral  contents  can  be  followed ;  and  their  intercalations, 
curvatures,  fractures,  and  veins,  can  be  unravelled,  so  as 
to  reveal,  more  or  less  clearly,  the  structural  plan  of  the 
whole  region. 

In  most  places,  save  on  the  face  of  precipices  and 
steep  declivities,  the  rocks  which  form  the  framework  of 
a  country  are  more  or  less  concealed  by  various  super- 
ficial accumulations.  Even  should  he  never  set  himself 
to  the  study  of  the  underlying  formations,  the  observer 
may  find  ample  scope  for  inquiry  in  these  upper  deposits. 
In  one  region  he  will  encounter  thick  masses  of  earth  or 
loam,  containing  here  and  there  the  bones  of  long  extinct 
mammals.  In  another  quarter  he  may  meet  with  sheets 
of  gravel,  perched  on  the  sides  of  valleys  high  above  the 
present  streams,  yet  evidently  themselves  of  fluviatile 
origin,  and  containing  scattered  rude  implements  of 
human  workmanship.  In  yet  a  third  locality  he  will 
find  a  mass  of  clay,  stuck  full  of  stones  with  their  surfaces 


16  OUTLINES  OF  FIELD-GEOLOGY.  [CHAP. 

polished  and  scratched  like  the  rocks  below  a  Swiss 
glacier,  and  he  will  learn  that  these  striated  stones  and 
the  clay  containing  them  have  once  likewise  been  under 
a  sheet  of  ice.  In  short  he  will  soon  perceive  that  in 
every  one  of  the  many  varieties  of  superficial  deposits 
there  is  a  story  to  be  made  out,  and  that  it  is  worth  his 
while  to  decipher  it. 

Lastly,  it  may  chance  that  the  beginner  is  so  situated 
as  to  be  able  to  watch  the  actual  visible  progress  of  geo- 
logical changes.  His  home  may  be  by  the  margin  of 
a  river  liable  to  occasional  floods,  and  always  bearing 
onward  past  him  its  burden  of  mud  from  the  distant 
hills.  No  better  training  in  geological  observation  could 
he  desire  than  that  which  is  supplied  by  a  careful  and 
methodical  study  of  the  operations  of  a  river.  Its  times 
of  flood  and  of  low  water,  the  proportion  of  mineral  sub- 
stances in  its  water  from  month  to  month,  the  way  in 
which  the  sediment  is  disposed  of,  the  action  of  the 
river  on  its  banks,  here  cutting  down  and  there  heaping 
up,  the  relation  of  the  form  of  the  channel  to  the  rocks 
through  which  it  has  been  cut,  now  a  ravine,  now  a 
waterfall,  here  a  rapid,  there  a  lake-like  reach — these 
and  many  other  points  in  the  physics  of  a  river  furnish 
endless  material  of  ever  fresh  interest.  The  stream 
has  its  moods  like  a  living  thing;  no  two  years  of 
its  operations  are  exactly  alike,  and  it  seems  always  to 
have  surprises  in  store  for  us,  though  we  have  watched 
it  for  years  and  are  familiar  with  it  under  every  aspect. 

Even  more  fortunate  is  the  observer  whose  dwelling 
lies  not  only  near  a  river  but  within  reach  of  the  sea. 
Even  if  the  shore  be  low  and  sandy,  he  can  watch  the 
breakers  as  they  come  tumbling  in  upon  the  beach,  and 
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mark  how  the  colour  of  the  water  changes  as  it  drags 
back  the  sand  in  its  recoil.  The  sight  of  this  ceaseless 
grinding  impresses  him,  as  hardly  any  other  can  do  so 
well,  with  the  way  in  which  the  boulders  and  gravel  are 
reduced  to  the  state  of  sand  and  spread  over  the  sea-floor, 
there  to  lay  the  foundations  of  the  land  of  future  ages. 
But  should  the  coast  be  rocky,  he  may  congratulate  him- 
self on  having  been  placed  in  a  kind  of  geological  para- 
dise. Hardly  anywhere  else  will  he  meet  with  the  same 
facilities  for  observation.  The  beach  serves  as  a  platform 
on  which  the  rocks  are  exposed  for  his  study,  and  which 
is  swept  clean  for  him  twice  every  day  by  the  tides.  He 
may  devote  himself  to  the  investigation  of  the  rocks  them- 
selves, their  contents  and  history,  or  he  may  observe  the 
way  in  which  they  yield  to  the  attacks  made  upon  them 
by  the  sea  on  one  side  and  by  the  air,  rain,  frost,  and 
springs  on  the  other. 

We  may  conclude,  therefore,  that  there  must  be  very 
few  parts  of  the  world  where  some  kind  of  field-geology 
cannot  be  pursued.  If  the  beginner  who  has  read  enough 
in  the  science  to  make  him  desirous  of  becoming  himself 
an  observer,  finds  it  hopelessly  impossible  to  extract  any 
information  or  interest  from  his  surroundings,  he  will 
probably  be  right  in  suspecting  that  the  fault  lies 
in  himself,  and  not  in  them.  Perhaps  the  chapters 
which  follow  may  suggest  some  method  of  overcoming 
his  difficulty. 


CHAPTER  III. 

ACCOUTREMENT    FOR    THE    FIELD. 

THE  nature  and  extent  of  a  geologist's  accoutrements 
will,  of  course,  be  regulated  by  the  kind  of  work  he  pro- 
poses to  undertake,  and  the  character  of  the  rocks  among 
which  he  is  to  be  engaged.  If  his  object  be  the  collec- 
tion of  specimens  of  minerals,  rocks  or  fossils,  he  will 
require  one  sort  of  apparatus  :  if  it  be  the  study  of  the 
geological  structure  of  the  region,  he  will  provide  himself 
with  another  sort.  It  must  be  distinctly  understood  at 
the  outset,  that  the  popular  idea  that  a  geologist  must 
necessarily  fee  one  who  amasses  stones  and  comes  home 
with  a  fresh  burden  from  every  excursion,  is  a  popular 
but  rather  mischievous  delusion. 

Field-geology  does  not  mean  and  need  not  include  the 
collecting  of  specimens.  Consequently  a  formidable 
series  of  hammers  and  chisels,  a  capacious  wallet  with 
stores  of  wrapping  paper  and  pill-boxes,  are  not  absolutely 
and  always  required.  Rock-specimens  and  fossils  are  best 
collected  after  the  field-geologist  has  made  some  progress 
with  his  examination  of  a  district.  He  can  then  begin 
to  see  what  rocks  really  deserve  to  be  illustrated  by  speci- 
mens, and  in  what  strata  the  search  for  fossils  may  be  most 
advantageously  conducted.  He  may  have  to  undertake 
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the  collecting  himself,  or  he  may  be  able  to  employ  a 
trained  assistant,  and  direct  him  to  the  localities  whence 
specimens  are  to  be  taken.  But  in  the  first  instance,  his 
own  efforts  must  be  directed  to  the  investigation  of  the 
geological  structure  of  the  region.  The  specimens  re- 
quired for  his  purpose  in  the  early  stages  of  his  work 
do  not  involve  much  trouble.  He  can  detach  them 
and  carry  them  off  as  he  goes,  while  he  leaves  the  full 
collection  to  be  made  afterwards. 

It  is  of  paramount  importance  that  the  field-geologist 
should  go  to  his  work  as  lightly  equipped  as  possible. 
His  accoutrements  should  be  sufficient  for  their  purpose, 
and  emin  ently  portable.  The  reader  may  j  udge  of  th  e  por- 
tability which  may  be  secured,  when  he  learns  that  he  may 
carry  on  his  person,  at  the  same  moment,  all  the  instru- 
ments necessary  for  a  geological  investigation,  even  in  the 
detailed  manner  adopted  in  the  Geological  Survey  of  this 
country,  and  that  yet,  although  a  fully-equipped  field- 
geologist,  he  need  not  betray  his  occupation  by  any  visible 
implement.  The  want  of  such  tokens  of  his  craft  often 
greatly  perplexes  rustic  observers  to  whom  his  move- 
ments are  a  fruitful  source  of  speculation.  He  may  find 
himself,  for  instance,  taken  at  different  times  and  places 
for  postman,  doctor,  farmer,  cattle-dealer,  travelling- 
showman,  country-gentleman,  gamekeeper,  poacher,  tem- 
perance-lecturer, gauger,  clergyman,  play-actor,  and  a 
generally  suspicious  character.  One  of  my  colleagues  in 
the  Geological  Survey,  who  had  just  taken  quarters  in  a 
village,  was  watched  for  some  time  by  the  police,  under  the 
belief  that  he  had  been  concerned  in  a  recent  burglary.1 

1  On  one  occasion,  in  company  with  a  Survey  colleague,  I  reached 
a  straggling  village  in  the  East  of  Fife,  just  after  a  travelling  show 
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1.  The  Map. — Unless  the  geological  work  to  be  done 
merely  consists  in   visiting  already  known  ground  and 
making  detailed  notes,  or  collecting  specimens  there,  it 
is  of  the  utmost  consequence  to  obtain  as  good  a  map  of 
the  region  as  can  be  had.     Not  merely  does  the  observer 
find  the  advantage  of  the  topographical  guide  over  the 
ground,   but,   as   I   shall    point    out   in    a    succeeding 
chapter,  he  cannot,  in  many  cases,  satisfactorily  work  out 
the  geological  relations  of  the  rocks  unless  he  possesses 
a  map  on  which  to  place,  in  their  proper  geographical 
position,  the  notes  he  makes  at  each  locality.     Hence  if 
he  cannot  procure  a  map,  or  if  he  is  at  work  in  a  country 
which  has  not  yet   been   topographically  surveyed,  he 
may  find  himself  compelled  to  make  a  map  for  himself 
with  as  near  an  approach  to  accuracy  as  the  means  at 
his  command  will  admit. 

2.  The  Hammer. — This  is  the  chief  instrument  of  the 
field-geologist.     He  ought  at  first  to  use  it  constantly, 
and  seldom  trust  himself  to  name  a  rock  until  he  has 
broken  a  fragment  from  it,  and  compared  the  fresh  with 
the  weathered  surface.     Most  rocks  yield  so  much  to  the 
action   of  the  weather  as   to    acquire  a  decomposed, 
crumbling  crust,  by  which  the  true  colour,  texture,  and 
composition  of  the  rock  itself  may  be  entirely  concealed. 
Two  rocks,  of  which  the  outer  crusts  are  similar,  may 

had  entered  it.  The  villagers  were  still  standing  at  their  doors,  dis- 
cussing the  character  of  the  new  arrival,  when  we  passed  them.  Of 
course  we  were  naturally  supposed  to  form  a  kind  of  rear-guard 
of  the  cavalcade  ;  but  we  had  the  satisfaction  of  hearing  one  old 
woman  remark  to  her  neighbour,  as  we  brushed  past  them,  "  Na, 
noo,  arena'  thae  twa  decent-looking  chields  to  be  play-acting 
blackguards  ?" 
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differ  greatly  from  each  other  in  essential  characters. 
Again,  two  rocks  may  assume  a  very  different  aspect 
externally,  and  yet  may  show  an  identity  of  composition 
on  a  freshly-fractured  internal  surface.  The  hammer, 
therefore,  is  required  to  detach  this  outer  deceptive 
crust.  If  heavy  enough  to  do  this,  it  is  sufficient  for  the 
purpose ;  any  additional  weight  is  unnecessary  and  bur- 
densome. A  hammer,  of  which  the  head  weighs  one 
pound  or  a  few  ounces  more  is  quite  massive  enough  for 
all  the  ordinary  requirements  of  the  field-geologist.  When 
he  proceeds  to  collect  specimens  he  needs  a  hammer  of 
two  or  three  pounds,  or  even  more,  in  weight,  and  a 
small,  light  chipping  hammer,  to  trim  the  specimens  and 
reduce  them  in  bulk,  without  running  a  too  frequent  risk 
of  shattering  them  to  pieces. 

Hardly  any  two  geologists  agree  as  to  the  best  shape 
of  hammer ;  much  evidently  depending  upon  the  indi- 
vidual style  in  which  each  observer  wields  his  tool.  This 
(Fig.  i)  is  the  form  which,  after  long  experience  we  have 
found  in  the  Geological  Survey  to  be  on  the  whole  the 
best.  A  hammer  formed  after  this  pattern  combines,  as 
may  be  observed,  the  uses  both  of  a  hammer  and  a  chisel. 
With  the  broad,  heavy,  or  square  end,  we  can  break  cff 
a  fragment  large  enough  to  show  the  internal  grain  of  a 
rock.  With  the  thin,  wedge-shaped,  or  chisel-like  end, 
we  can  split  open  shales,  sandstones,  schists,  and  other 
fissile  rocks.  This  cutting  or  splitting  edge  should  be  at 
a  right  angle  to  the  axis  of  the  shaft.  If  placed  upright 
or  in  the  same  line  with  the  shaft,  much  of  its  efficiency 
is  lost,  especially  in  wedging  off  plates  of  shale  or  other 
rocks. 

A  hammer  shaped  as  I  recommend  serves  at  times  for 


OUTLINES  OF  FIELD-GEOLOGY. 


[CHAP. 


other  than  purely  geological  purposes.  On  steep  grassy 
slopes,  where  the  footing  is  precarious,  and  where  there 
is  no  available  hold  for  the  hand,  the  wedge-like  end  of 
the  hammer  may  be  driven  firmly  into  the  turf,  and  the 
geologist  may  thereby  let  himself  securely  down  or  pull 
himself  up. 


eological  hammer,  compass-case,  and  belt. 


The  most  generally  convenient  way  of  carrying  the 
hammer  is  to  have  it  in  a  leather  sheath  suspended  from 
the  waist-belt  The  hammer  hangs  at  the  left  side  under 
the  coat,  the  inside  of  which  is  kept  from  being  cut  or 
soiled  by  the  protecting  outer  flap  of  the  sheath..  Some 
geologists  prefer  to  carry  the  belt  across  the  shoulders 
outside,  and  the  hammer  suspended  at  the  back.  Others 
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provide  themselves  with  strong  canvas  coat-pockets  and 
carry  the  hammer  there. 

3.  The  Lens. — Even  the  most  sharp-sighted  observer 
is  the  better  of  the  aid  supplied  to  him  by  a  good  mag- 
nifying-glass.     For  field-work  a  pocket   lens   with   two 
powers  is  usually  sufficient.     One  glass  should  have  a 
large  field  for  showing  the  general  texture  of  a  rock,  its 
component  grains  or  crystals,  and  the  manner  of  their 
arrangements  ;    the   other  glass   should   be  capable  of 
making  visible  the  fine  striae  on  a  crystal,  and  the  minuter 
ornament  on  the  surface  of  a  fish-scale  or  other  fossil 
organism.     Applied  to  the  weathered  crust  of  a  rock,  the 
lens  often  enables  the  observer  to  detect  indications  of 
composition  and  texture,  which  the  fresh  fracture  of  the 
rock  does  not  reveal.     It  sometimes  suffices  to  decide 
whether  a  puzzling  fine-grained  rock  should  be  referred 
to  the  igneous  or  the  aqueous  series,  and  consequently 
how  that  rock  is  to  be  coloured  on  the  map. 

4.  The  Compass. — Any  ordinary  pocket  compass  will 
suffice  for  most  of  the  requirements  of  the  field-geologist. 
Should  he  need  to  take  accurate  bearings,  however,  a 
small  portable   azimuth   compass  will  be  found  useful. 
This  is  the  instrument  employed  in  the  Geological  Sur- 
vey.    It  is  carried  in  a  leather  case  or  pocket  hung  from 
the  waist-belt,  on  the  side  of  the  body   opposite  to  the 
hammer.     (Fig.  i.)     The  directions  of  the  dip  and  strike 
of  rocks,  the  trend  of  dislocations  and  dykes,  the  line  of 
boundaries,   escarpments,  and  other  geological  features 
are  observed  accurately,  and  noted  on  the  spot  at  the 
time  of  observation,  either  on  the  map  or  in  the  note- 
book.    A  convenient  instrument  for  light  and  rapid  sur- 
veys, or  reconnaissances,  combines  the  compass  and  the 


24  OUTLINES  OF  FIELD-GEOLOGY.  [CHAP. 

next  instrument  I  have  to  describe — the  clinometer.     I 
shall  refer  to  it  again. 

5.  The  Clinometer,  or  dip-measurer,  is  employed  to  find 
the  angle  at  which  strata  are  placed  to  the  horizon — an 
important  observation  in  the  investigation  of  the  geological 
structure  of  a  country,  and  one  having  frequently  a  special 
economic  value,  as,  for  instance,  when  it  points  out  the 
depth  to  which  a  well  or  mine  must  be  sunk.  Various 
patterns  have  been  proposed  and  used  for  this  instru- 
ment. Formerly  a  spirit-level  was  commonly  employed. 
But  apart  from  the  difficulty  of  rapid  adjustment  for  the 


FIG.  2. — Clinometer. 

requirements  of  the  field,  the  spirit  levels  in  the  clino- 
meters were  apt  to  get  broken.  A  much  more  portable 
and  serviceable  form  of  clinometer  may  be  made  by  the 
geologist  himself.  It  consists  of  two  thin  leaves  of  wood, 
each  two  inches  broad  and  six  inches  long,  neatly  hinged 
together,  so  as  to  open  out  and  form  a  foot  rule  when 
required.  On  the  inside  of  one  of  these  leaves  a  small 
brass  pendulum  is  so  fixed  that  when  it  swings  freely  and 
hangs  vertically,  it  forms  an  angle  of  90°,  with  the  upper 
edge  of  the  leaf  to  which  it  is  attached.  An  arc,  graduated 
to  90°  on  each  side  of  the  vertical,  is  drawn  on  the  wood, 
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or  on  paper  or  brass  fastened  to  the  wood,  so  that  when 
the  leaf  is  moved  on  either  side,  the  exact  number  of 
degrees  of  inclination  is  shown  by  the  pendulum  on  the 
graduated  arc.  The  corresponding  face  of  the  opposite 
leaf  is  hollowed  out  just  enough  to  let  the  two  leaves  fit 
closely,  and  keep  the  pendulum  in  its  place  when  the 
instrument  is  not  in  use.  This  form  of  clinometer,  made 
of  boxwood  and  bound  with  brass,  may  be  obtained  of 
instrument  makers.1  It  is  light  and  strong,  and  its  dura- 
bility may  be  understood  from  the  fact  that  the  instru- 
ment which  I  carry  in  the  field,  though  it  has  been  in 
constant  use  for  more  than  twenty  years,  is  as  true  and 
serviceable  as  ever. 

If  at  any  time  the  geologist  has  occasion  to  lighten 
his  equipment  for  some  long  mountain  expedition,  where 
every  additional  ounce  of  weight  begins  to  tell  by  the 
end  of  the  day,  and  where,  therefore,  for  the  sake  of 
doing  as  much  and  holding  out  as  long  as  possible,  he 
should  carry  nothing  that  is  not  absolutely  needful  for 
his  purpose,  he  may  advantageously  combine  the  pocket- 
compass  and  clinometer,  in  the  one  instrument  to  which 
I  have  already  alluded.  This  convenient  instrument  is 
about  the  size  of  an  ordinary  gold  watch.  It  consists  of 
a  thin,  round,  flat  metal  case,  shaped  like  that  of  a  watch, 
and  covered  either  with  a  common  watch-glass,  or  still 
better,  with  a  flat  disc  of  strong  glass.  Instead  of 
figures  for  the  hours  and  minutes,  the  white  enamelled 
face  of  this  geological  watch  is  that  of  a  common  pocket- 


1  Messrs.  Troughton  and  Simms,  London,  Mr.  J.  Bryson,  Edin- 
burgh, and  Messrs.  Spencer  and  Son,  Dublin,  supply  this  and  the 
other  instruments  referred  to  in  the  text. 
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compass.  But  the  interval  between  each  of  the  four 
cardinal  points  is  divided  into  90°.  On  the  central 
pivot,  just  underneath  the  needle,  a  small  brass  pendulum 
is  placed,  and  a  straight-edge  of  metal  is  soldered  on  one 
side  of  the  outer  rim  of  the  watch-case  in  such  a  position 
that  the  instrument  will  stand  on  it  if  need  be,  and  the 
pendulum  will  then  point  to  zero.  A  simple  piece  of 
mechanism  passing  through  the  handle  enables  the 
observer  to  throw  the  needle  off  the  pivot,  or  let  it 
down,  as  he  may  require. 

6.  The  Note-Book  and  Pencils. — As  it  is  impossible  for 
a  field-geologist  to  remember  the  details  of  all  the  obser- 
vations he  makes  on  the  ground,  or  to  insert  them  on  a 
map,  he  regards  a  good  note-book  as  an  essential  part  of 
his  apparatus.  From  the  nature  of  his  work  he  has 
frequently  occasion  to  make  rough  sections,  or  diagrams, 
and  if  possessed  of  the  power  of  sketching,  he  has 
abundant  opportunity  of  aiding  the  progress  of  his 
researches  by  jotting  down  the  outlines  of  some  cliff, 
mountain,  or  landscape.  Hence  his  note-book  should 
not  be  a  mere  pocket  memorandum- book.  A  convenient 
size,  uniting  the  uses  of  a  common  note-book  and  a 
sketch-book,  is  seven  inches  long  by  four-and-a-quarter 
inches  broad.  Let  me  remark  in  passing  that  perhaps 
no  accomplishment  will  be  found  so  useful  by  the  field- 
geologist  as  a  power  of  rapid  and  effective  sketching  from 
nature.  If  he  has  this  power  in  any  degree,  he  ought 
sedulously  to  cultivate  it  Even  though  he  may  never 
produce  a  picture,  he  can  catch  and  store  up  in  his  note- 
book impressions  and  outlines  which  no  mere  descrip- 
tions could  recall,  and  which  may  be  of  the  highest  value 
in  his  subsequent  field-work.  This  is  true  of  ordinary 
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detailed  surveys,  and  still  more  of  rapid  reconnaissances 
which  may  have  their  ultimate  usefulness  enormously 
increased  if  the  observer  can  seize  with  his  pencil  and 
carry  away,  the  forms  of  surface  as  well  as  the  geological 
relations  of  the  region  through  which  his  traverse  lies. 

As  every  device  which  saves  labour  and  time  in  the 
field,  or  which  adds  to  the  clearness  of  the  work,  is 
deserving  of  attention,  I  would  refer  here  to  the  use  of 
variously- coloured  pencils  for  expressing  at  once,  upon 
map  or  note-book,  the  different  rock-masses  which  may 
occur  in  a  district.  Water-colours  are  of  course  ulti- 
mately employed  for  representing  the  geological  .forma- 
tions on  the  finished  map.  But  a  few  bits  of  coloured 
pencils  carried  in  his  pocket  save  the  geologist  much 
needless  writing  in  the  field.  To  a  red  dot  or  line  he 
attaches  a  particular  meaning,  and  he  places  it  on  his 
map  without  further  explanation  than  the  local  pecu- 
liarities of  the  place  may  require. 

Such  are  the  few  prime  instruments  required  in  field- 
geology.  We  may  add  others  from  time  to  time,  ac- 
cording to  the  nature  of  the  work,  which  in  each  region 
will  naturally  suggest  the  changes  that  may  be  most 
advantageously  made.  A  small  bottle  of  weak  hydro- 
chloric acid,  carried  in  a  protecting  wooden  box,  or  case, 
is  sometimes  of  use  in  testing  for  carbonates,  particularly 
in  regions  where  rocks  of  different  characters  come  to 
resemble  each  other  on  their  weathered  surfaces.  When 
Sir  William  Logan  was  carrying  on  the  survey  of  the 
Laurentian  limestones  of  Canada,  he  received  much 
help  from  what  he  called  his  "  limestone  spear."  This 
was  a  sharp-pointed  bit  of  iron  fixed  to  the  end  of  a 
pole  or  a  walking-stick.  He  enlisted  farmers  and  others 
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in  his  operations,  instructed  them  in  the  use  of  the 
spear,  and  obtained  information  which  gave  him  a  good 
general  notion  of  the  distribution  of  the  limestone.  The 
spear  was  thrust  down  through  the  soil  until  it  struck  the 
rock  below.  It  was  then  pulled  up,  and  the  powder  of 
stone  adhering  to  the  iron  point  was  tested  with  acid. 
If,  after  trying  a  number  of  places  all  round,  the  observer 
uniformly  obtained  a  brisk  effervescence  when  the  acid 
drop  fell  on  the  point  of  his  spear,  he  inferred  that  the 
solid  limestone  existed  below,  and  noted  the  fact  on  his 
map  accordingly. 

When  the  Geological  Survey  was  busy  with  the  great 
Wealden  area  of  the  south-east  of  England,  my  col- 
leagues used  what  they  nicknamed  a  "  geological  cheese- 
taster."  It  was  indeed  a  kind  of  large  cheese-taster, 
fixed  to  the  end  of  a  long  stick.  This  implement  was 
thrust  down,  and  portions  of  the  subsoil  and  of  the  clays 
or  sands  beneath  were  pulled  up  and  examined.  Similar 
devices  must  obviously  suggest  themselves  according 
to  the  nature  of  the  work  in  different  districts  and 
countries. 

In  the  course  of  his  observations  in  the  field  the 
geologist  will  meet  with  rocks,  as  to  the  true  nature  of 
which  he  may  not  be  able  to  satisfy  himself  at  the  time. 
He  should  in  such  cases  detach  a  fresh  chip  from  some 
less  weathered  part  of  the  mass  and  examine  it  further  at 
home.  Detailed  methods  of  investigation,  which  may 
be  pursued  with  all  the  conveniences  of  a  laboratory  in 
town,  are  not  possible  to  him  in  the  country.  But  he 
may  subject  his  specimens  to  analysis  in  two  ways,  and 
obtain  valuable,  and  perhaps  sufficient,  information  as  to 
their  characters.  He  can  easily  fit  up  for  himself  a 
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small  and  portable  blowpipe  box,  apparatus  for  preparing 
rocks,  minerals,  and  fossils  for  examination,  and  a  micro- 
scope with  which  to  examine  them.  In  Part  II.  of  this 
little  volume  I  shall  enter  into  some  details  regarding 
these  indoor  employments  of  the  field-geologist,  and 
show  how  the  apparatus  may  be  put  to  practical  use. 

7.  The  Blowpipe  Box  should  contain  as  much  of  the 
most  useful  apparatus  as  the  space  will  admit,  consistently 
with  the  whole  box  being  easily  packed  into  a  port- 
manteau.   The  reader  will  find  a  list  of  the  more  essential 
articles  in  Chapter   XVI.     By  means  of  the  blowpipe 
it  is  often  possible  to  determine  the  nature  of  a  doubtful 
mineral  or  rock,  and  to  ascertain  the  proportion  of  metal 
in  an  ore.     A  young  geologist  should  take  with  him  to 
the  field  only  the  most  essential  apparatus  and  re-agents ; 
he  will  gradually  come  to  see  by  practice  what  additions 
he  may  best  make  to  his  equipment.     Details  on  this 
subject  will  be  found  in  Chapter  XVI. 

8.  Rock-slicing  Apparatus. — Portable  forms  of  slicing 
and  polishing  machines  are  now  to  be  procured,  though 
even   the   lightest   of    them   add   considerably    to    the 
traveller's   baggage.      The   field-geologist  may  succeed, 
however,  in  preparing  his  slices  by  chipping  thin  splinters 
from  the  rock  and  reducing  them  in  the  manner  described 
in  Chapter  XVIL,  where  instructions  are  given  which  it 
is  hoped  will  enable  him  to  supply  himself  with  a  micro- 
scopic slice  of  any  rock  he  may  encounter  in  the  field. 
The  labour  involved  in  this  process  is  well  bestowed, 
for  by  means   of  the  microscope,  more   than   by  any 
other  method,  he  obtains  an  insight   into  the  internal 
texture  and  arrangement  of  the  rocks  with  which  he 
is  dealing.    He  sees  what  are  the  component  minerals 
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of  a  rock,  and  ho\v  they  are  built  up  to  form  the  mass  in 
which  they  occur.  He  likewise  can  detect  many  of  the 
changes  which  these  minerals  have  undergone,  and  he 
thus  obtains  a  clue  into  some  of  the  metamorphic  pro- 
cesses by  which  the  rocks  of  the  earth's  crust  have  been 
altered. 

9.  Microscope. — This  instrument  should  be,  like  the 
rest,  as  portable  as  possible.  For  most  geological  pur- 
poses high  powers  are  not  required,  consequently  a  small 
microscope  is  sufficient.  Two  powers  i|  and  |  inch  focal 
length  are  extemely  useful,  and  for  the  requirements  of 
work  in  the  field  are  quite  adequate.  An  instrument  with 
fairly  good  glasses  of  these  powers,  magnifying  from  30 
to  about  300  diameters,  according  to  the  arrangement  of 
object-glasses  and  eye-pieces,  may  be  had  of  some 
London  makers  for  ^5. 

It  is  sometimes  of  service,  when  working  in  a  district 
where  microscopic  rock- sections  are  required,  to  carry  a 
small  collection  of  microscopic  slices  of  selected  or  typical 
rocks  or  minerals,  for  purposes  of  comparison.  A  series 
of  fifty  or  one  hundred  slices  can  be  packed  in  a  box  a 
few  inches  square.1 

1  Typical  series  of  this  kind  may  be  had  from  Fuess,  of  Berlin, 
or  from  Tennant  or  Gregory,  London  ;  or  Bryson,  Edinburgh. 


CHAPTER  IV. 

GEOLOGICAL    MAPS. 

IN  the  foregoing  list  of  a  field-geologist's  accoutrements, 
the  map  was  put  first.  The  propriety  of  assigning  it 
this  place  of  honour  will  be  admitted  when  the  real 
meaning  and  importance  of  a  geological  map  are  recog- 
nized, and  when  the  observer  can  carry  with  him  the 
map  on  which  he  himself  has  traced  the  geological 
boundary-lines.  A  published  geological  map  is  a  valu- 
able guide  when  it  can  be  had,  but  in  the  field-geologist's 
eyes  its  importance  is  but  secondary  compared  with  the 
map  which  contains  perhaps  the  substance  of  his  work 
for  weeks  or  months  together. 

The  results  obtained  by  the  geologist  in  the  field,  from 
his  investigation  of  the  rocks,  may  be  set  down  either  in 
writing,  or  in  maps  and  sections.  No  one  can  follow  the 
practical  pursuit  of  the  science  without  being  conscious 
how  much  his  work  gains  in  precision  when  he  is  com- 
pelled to  put  it  down  upon  a  map.  Not  only  is  his  in- 
formation made  more  accurate,  when  he  requires  to  trace 
the  exact  lines  of  geological  boundary,  but  he  is  led  to 
search  in  nooks  and  corners,  of  which  he  would  not 
otherwise  have  suspected  the  existence,  and  thus  he 
acquires  a  thoroughness  of  grasp  attainable  in  no  other 
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way.  The  best  field-geology  is  of  that  kind  which  careful 
and  minute  map-making  requires.  It  is  not,  of  course, 
imperative  that  an  actual  survey  should  be  made  by  the 
geologist ;  but  he  must  proceed  in  such  a  way  that  his 
observations,  if  tabulated  and  placed  upon  a  map,  would 
make  that  map  a  good  geological  one. 

Since,  then,  the  kind  of  work  required  in  the  prepara- 
tion of  geological  maps  illustrates  most  completely  the 
nature  and  methods  of  field-geology,  I  shall  describe  the 
construction  of  these  maps  as  practised  in  this  country. 
The  reader  will  bear  in  mind  that,  though  he  may  never 
draw  a  geological  boundary  line,  nor  take  any  part  in  a 
geological  survey,  he  cannot  attain  excellence  in .  the 
practical  pursuit  of  geology  in  the  field,  without  going 
through  the  training  which,  if  need  be,  would  qualify  him 
for  becoming  a  professional  geologist.  How  this  should 
be  the  case  will,  I  hope,  become  clear  in  the  sequel. 

Let  us  first  consider  what  a  "  geological  map  "  is.  The 
meaning  now  attached  to  this  term  differs  very  much  from 
that  with  which  it  was  associated  not  very  many  years  ago. 
In  the  early  days  of  geology,  those  who  devoted  themselves 
to  this  branch  of  science  were  mineralogists,  rather  than 
what  we  should  now  call  geologists.  They  termed  their 
subject  "  geognosy,"  meaning  thereby  to  indicate  their 
object  to  be  the  increase  of  their  knowledge  of  the 
minerals  and  rocks  of  the  earth.  They  constructed  what 
they  called  "  geognostical  maps,"  on  which  the  positions 
of  marked  varieties  of  minerals  and  rocks  were  shown, 
but  without  any  attempt  at  accurate,  or  even  sometimes 
approximate,  boundary  lines,  and  with  no  hint  whatever 
of  geological  structure,  which  we  now  regard  as  one  of 
the  chief  objects  of  geological  maps. 
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A  perfect  geological  map  should  represent — ist.  A 
full  and  accurate  topography,  with  the  form  of  the  surface 
and  heights  in  contour-lines,  shading,  or  otherwise.  The 
Ordnance  Survey  maps  of  Britain  on  the  scale  of  six 
inches  to  a  mile  may  be  taken  as  an  admirable  example. 
2nd.  All  geological  deposits,  from  the  most  recent  to  the 
most  ancient,  which  may  occur  in  the  district  embraced 
by  the  map,  with  their  boundary  lines  accurately  traced, 
and  the  relation  of  their  distribution  to  the  external  form 
of  the  ground  clearly  depicted.  3rd.  The  geological 
structure  of  the  region,  that  is,  the  relation  of  the  rocks 
to  each  other,  their  inclination  downwards  from  the 
surface,  their  curvatures  and  dislocations ;  in  short,  all 
particulars  necessary  to  enable  a  geologist  to  apprehend 
the  manner  in  which  the  rocks  of  the  crust  of  the  earth 
beneath  the  region  in  question  have  been  built  up.  4th. 
Information  which  may  have  special  economic  value,  such 
as  the  nature  and  distribution  of  the  soils,  the  position  of 
available  building  materials,  the  direction,  thickness,  and 
extent  of  ores,  coal-seams,  or  other  useful  minerals,  the 
best  sources  of  water  supply,  &c. 

To  fulfil  these  various  requirements  the  map  must 
evidently  be  on  not  too  small  a  scale.  If  the  scale  is 
small,  the  attempt  to  crowd  a  great  deal  of  information 
into  the  map  may  result  in  confusion  of  detail,  and  most 
of  the  beauty  and  usefulness  of  the  work  may  be  lost. 
In  such  cases  it  is  better,  where  practicable,  to  subdivide 
the  labour,  putting  the  older  geological  formations  on  one 
copy  of  the  map,  the  superficial  accumulations  and  soils 
on  another,  the  industrial  information  on  a  third,  and  so 
on.  But  without  attempting  to  express  all  the  detail 
possible,  we  may  construct  a  correct  and  serviceable 
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geological  map  of  a  district  or  country  by  generalising 
the  information  so  as  to  give  at  a  glance  a  broad  and 
clear  view  of  the  distribution  of  the  formations  and  the 
chief  points  of  geological  structure. 

The  Geological  Survey  of  Great  Britain  and  Ireland  is 
constructed  chiefly  upon  field-maps  (Ordnance  Survey),  on 
the  scale  of  six  inches  to  the  British  statute  mile,  or 
10565-  of  nature,  but  some  limited  districts,  where  great 
detail  is  required,  have  been  surveyed  on  the  scale  of 
twenty-five  inches  to  the  mile.  The  general  geological 
map  of  the  British  Islands  is  published  on  the  scale  of 
one  inch  to  the  mile,  or  g-^^g-^  of  nature.  A  convenient 
scale  for  a  generalised  map  of  a  country  is  ten  miles  to  an 
inch.  Of  course  the  smaller  the  scale  the  less  detail  is 
possible,  and  the  more  care  must  be  taken  to  select  those 
geological  features  which  are  of  prime  consequence. 

More  important  than  the  scale  is  the  correctness  of  the 
topographical  map  which  is  to  serve  as  the  basis  of  the 
geological  one.  Unless  the  geography  be  accurately 
depicted,  geological  lines  may  be  distorted,  sometimes  to 
an  extent  which  seriously  interferes  with  the  value  of  the 
map.  The  importance  of  this  point  will  be  understood 
from  two  diagrams  (Fig.  3),  which  represent  the  influence 
of  correct  and  incorrect  topography  upon  geological  lines. 
It  will  be  observed  that  the  same  district  is  represented 
in  both  drawings ;  the  streams  and  their  tributaries  are 
the  same  in  both,  but  differ  considerably  in  direction.  A 
geologist  trusting  to  the  map  A  inserts  the  boundary  lines 
between  the  formations  i,  2,  3,  4,  and  5,  guiding  himself 
by  the  points  of  intersection  of  the  different  streams.  If 
now  he  were  to  trace  these  same  lines  on  a  map  with  the 
correct  topography,  as  shown  in  B,  he  would  find  them  to 
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present  considerable  differences  from  those  on  A,  although 
crossing  each  stream  at  the  same  points  on  each  map. 
In  A  his  thick  black  line  is  a  winding  one,  in  B  it  is 


FIG.  3. — Maps  showing  the  effect  of  incorrect  tepography  in  distorting  geological 
lines. 

nearly  straight.  Should  this  boundary  be  a  line  of  disloca- 
tion, the  reader  will  see  that  by  the  one  map  he  might  be 
led  to  speculate  upon  a  curved  dislocation,  in  the  other 
on  a  straight  one. 
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In  this  country  we  fortunately  possess  accurate  Ord- 
nance maps  on  various  scales,  so  that  except  in  those  few 
and  remote  districts  of  which  the  Ordnance  Survey  has 
not  yet  been  completed,  we  have  a  good  topographical 
basis,  and  may  reach  any  degree  of  finish  and  complete- 
ness in  geological  map-making.  It  is  useful,  however,  to 
be  able  to  construct  our  own  rough  field-map,  or  to  cor- 
rect a  faulty  one.  For  this  purpose  we  avail  ourselves  of 
the  ordinary  methods  of  triangulation.  We  may  measure, 
as  accurately  as  practicable,  a  base-line  along  some  level 
piece  of  ground,  such  as  a  river-meadow  or  a  sea-shore. 
From  each  end  of  our  measured  line  we  take  a  bearing 
with  an  azimuth  compass  to  some  neighbouring  object. 
The  point  of  intersection  of  the  lines  of  these  two  bear- 
ings gives  the  position  of  the  object  on  the  map.  Hav- 
ing one  or  two  triangles  constructed  in  this  way,  we  may 
continue  triangulating  the  whole  district  and  filling  in  the 
topography,  so  as  in  the  end  to  produce  a  map  which  may 
not  be  quite  accurate  indeed,  but  which  will  probably 
serve  our  immediate  purpose. 

In  those  parts  of  the  world  where  no  good  maps  yet 
exist,  geological  and  topographical  surveying  are  some- 
times conjoined.  I  may  cite,  as  admirable  illustrations  of 
this  union,  the  explorations  of  the  river-courses  of  Canada 
by  the  late  Sir  William  Logan,  Director  of  the  Canadian 
Geological  Survey.  He  and  his  colleagues  had  to  furnish 
themselves  with  canoes,  attendant  Indians,  provisions, 
and  hunting-gear,  and  push  up  unexplored  rivers,  winding 
through  the  dense  forests  of  the  province.  They  explored, 
mapped,  geologised,  and  hunted,  laying  down  lines  of 
traverse  which  served  as  the  base  for  future  more  detailed 
topography,  and  did  vast  service  in  opening  up  the 


iv.]  GEOLOGICAL  MAPS.  37 

country.  Still  more  elaborately  topographical  were  the 
remarkable  surveys  lately  carried  out  under  Dr. 
Hayden,  Geologist  in  charge  of  the  Geological  and  Geo- 
graphical Survey  of  the  Western  Territories  of  the  United 
States.  Year  by  year  valuable  reports,  drawings,  and 
photographs  by  that  able  observer  and  his  associates 
made  known  the  geography,  geology,  natural  history, 
botany,  meteorology,  ethnology,  and  antiquities  of  thou- 
sands of  square  miles  of  previously  unexplored  or  but 
partially  explored  land. 

Having  obtained  or  made  as  good  a  topographical  map 
as  may  be  attainable  for  his  purpose,  the  observer  is 
furnished  with  the  first  great  requisite  for  geological 
surveying,  and  one  of  the  most  useful  parts  of  the  equip- 
ment of  a  field-geologist,  whether  he  attempts  any  actual 
surveying  or  not. 

Next  to  accuracy,  judgment,  and  patience,  neatness  of 
hand  is  desirable  in  the  geologist  who  would  work  out 
the  structure  of  a  district  and  express  that  structure  on 
a  map.  Even  the  largest  scale  map  does  not  admit  of 
very  voluminous  notes  upon  its  area,  and  where  the  scale 
is  small  there  may  be  hardly  room  for  notes  of  any  kind. 
Under  these  circumstances  the  observer  will  do  well  to 
practise  with  the  finest  point  to  his  pencil,  making  the 
neatest  and  most  legible  writing.  After  a  brief  experi- 
ence he  will  find  that  he  necessarily  adopts  a  system 
of  signs  and  contractions  on  his  map,  not  only  to  save 
writing,  but  to  prevent  the  map  from  being  so  over- 
crowded with  notes  as  to  become  hopelessly  confused. 
Every  field-geologist  insensibly  invents  contractions  of 
his  own.  For  the  fundamental  facts  of  geological  struc- 
ture, however,  it  is  eminently  desirable  that  the  same 
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signs  and  symbols  should  be  used  with  the  same  meaning 
on  all  published  geological  maps.  The  subjoined  dia- 
gram shows  some  of  the  signs  used  on  the  maps  of  the 
Geological  Survey  of  Great  Britain  and  Ireland. 

~-|  Horizontal  strata. 

NX          Inclined 

}f^          Undulating    ,, 
Contorted       „ 

»—    Vertical 

\     i     Anticlinal  axis. 
Synclinal       ,, 


Strike  of  cleavage. 

Direction   of   Gla- 
cial stria. 

J5        Lead. 

cf    Iron- 

9          Copper. 
FIG.  4. — S:me  useful  signs  in  geological  surveying. 


CHAPTER  V. 

PRELIMINARY    TRAVERSES   OR   RECONNAISSANCES — 
CIRCUMSCRIBING  CONDITIONS. 

HAVING  now  examined  the  various  parts  of  the  equip- 
ment of  a  field-geologist,  let  us  proceed  to  notice  what 
use  he  must  make  of  them.  At  the  outset  I  would 
remark  that  while  the  mere  possession  of  good  instru- 
ments cannot  make  a  geologist,  the  want  of  them  will 
not  prevent  a  skilled  geologist  from  doing  good  work. 
The  training  of  years  enables  him  to  judge  of  rocks  and 
angles,  of  dip  and  of  trends  of  boundary  so  nearly  ac- 
curately as  to  make  him  often  independent  of  hammer, 
compass,  and  clinometer.  In  like  manner  long  experi- 
ence quickens  his  eye  to  detect  geological  evidence 
where  a  less  practised  observer,  though  searching  for 
information,  would  fail  to  find  it.  This  difference  of 
training  tells  greatly  in  all  preliminary  surveys,  recon- 
naissances, or  rapid  traverses  of  a  country.  The  geolo- 
gist who  has  already  had  many  years  of  campaigning 
carries  with  him  a  faculty  of  grasping  the  salient  features 
of  geological  structure,  and  directing  his  attention,  on 
the  march,  to  every  available  source  of  information  which 
will  help  him  to  fill  in  the  details  of  his  section.  If  it 
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were  always  practicable,  the  exploration  of  new  regions, 
where  the  traveller  is  necessarily  confined  to  his  line 
of  route,  but  where  he  has  nevertheless  to  report 
on  the  geology  of  many  thousands  of  square  miles 
of  territory,  should  be  placed  in  the  hands  of  men 
trained  in  geological  surveying.  That  this  arrangement 
would  be  of  advantage  will  be,  I  think,  admitted  when 
we  have  entered  a  little  more  into  the  details  of 
field-work. 

No  questions  are  probably  put  so  frequently  to  the 
field-geologist  as  these — "  How  do  you  know  what  lies 
beneath  the  surface  soil  ?  Do  you  dig  or  bore  ?  "  When 
he  replies  that  he  neither  digs  nor  bores,  yet  can  usually 
infer  with  considerable  confidence  what  must  be  the 
nature  of  the  rock  underneath,  his  statement  is  received 
with  a  look  of  bewilderment  or  a  half-incredulous  smile. 
But  though  the  geologist  does  not  usually  dig  or  bore,  he 
avails  himself  of  every  artificial  opening  he  can  hear  of 
as  offering  any  information  with  regard  to  the  rocks 
beneath  the  surface.  Every  natural  exposure  of  rock 
comes  under  his  notice.  If  there  is  a  coast-line,  he 
makes  a  preliminary  traverse  of  it,  to  ascertain  the  general 
nature  of  the  rocks.  He  ascends  one  or  more  of  the 
stream-courses  for  the  same  purpose.  If  there  is  any 
commanding  hill  in  his  district,  he  makes  an  early 
excursion  to  its  top,  that  he  may  gain  some  general 
idea  of  the  form  of  the  ground  and  the  probable  dis- 
tribution of  the  geological  formations,  so  far  as  may 
be  indicated  by  the  landscape.  On  such  occasions  he 
will  find  the  very  great  advantage  of  being  able  to  sketch 
in  his  note-book  an  outline  of  the  landscape.  By  so 
doing,  he  fixes  the  features  in  his  mind  in  their  natural 
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proportions;  he  has  the  original  sketch  to  refer  to  and 
to  recall  impressions  which  cannot  be  preserved  by 
written  words ;  and  he  has  his  attention  drawn  to  those 
prominent  features  where  probably  he  may  meet  with 
most  interesting  and  profitable  geological  work.  First 
jottings  of  this  kind  in  a  country  never  before  visited, 
and  of  which  the  geological  structure  is  still  unknown  to 
the  observer,  have  for  him  a  special  interest  and  value. 
They  retain  for  him  the  natural  effect  made  on  his  eye 
and  mind  by  the  scenery,  apart  altogether  from  any 
explanation  he  may  eventually  be  able  to  offer  of  the 
meaning  of  the  features  which  he  impartially  sketches. 
With  increasing  experience  of  geological  structure  and 
practice  in  sketching  it,  these  rapid  drawings  or  notes 
gain  in  precision  and  fulness. 

At  first,  of  course,  the  observer  may  expect  to  find 
innumerable  difficulties  in  his  traverses  of  a  country. 
He  may  find  it  impossible  to  take  in  any  general  con- 
ception of  the  whole  region ;  everything  seems  lost 
perhaps  in  endless  multiplicity  of  detail.  But  as  he 
masters  the  detail,  his  power  of  grasping,  at  an  early 
period  in  the  examination  of  a  district,  the  salient 
features  of  the  geology,  will  steadily  increase.  In  par- 
ticular, he  will  be  gratified  to  discover  that  he  can,  with 
growing  success,  identify  rocks  and  formations  even  from 
a  distance  by  their  outlines,  colour,  character  of  vegeta- 
tion, or  other  distinctive  trait.  His  first  surmises  regard- 
ing the  geological  structure  of  the  ground,  made  during 
his  preliminary  excursions,  will  thus  come  to  be  more 
and  more  sustained  by  his  subsequent  surveys.  In 
later  chapters  it  will  be  seen  by  what  steps  he  may 
most  profitably  acquire  this  kind  of  experience. 
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The  nature  and  conduct  of  these  preliminary  exami- 
nations not  only  vary  with  the  character  of  the  geology 
and  physical  features  of  the  country,  they  differ  ac- 
cording to  the  extent  to  which  the  country  is  settled  and 
populous,  or  trackless  and  unexplored  ;  according  to  the 
existence  or  absence  of  maps  of  the  region  to  be  ex- 
amined; according  to  climate  and  other  obvious  causes. 
Such  peculiarities  as  these,  which  greatly  affect  the  first 
general  traverses  of  a  country,  are  apt  to  influence  all 
the  subsequent  more  detailed  work. 

As  an  illustration  of  the  different  conditions  under 
which  field-geology  may  be  carried  on,  let  me  contrast 
the  work  of  the  Geological  Survey  of  Great  Britain  and 
Ireland  with  that  of  the  United  States  Geological  and 
Geographical  Survey  of  the  Western  Territories.  In 
this  long-settled  and  populous  country  we  have  abundant 
means  of  communication  by  road,  railway,  or  steamboat 
between  all  or  almost  all  districts.  Villages  and  towns 
are  scattered  so  numerously  over  the  land  that  we  seldom 
need  be  in  any  doubt  as  to  obtaining  good  quarters  and 
food.  The  penny-post  and  electric  telegraph  accompany 
us  even  into  some  of  the  most  retired  spots.  Books, 
specimens,  and  instruments  can  be  sent  to  us  at  a  few 
days'  notice.  Of  nearly  every  district  in  the  British 
Islands  we  may  procure  detailed  Ordnance  maps,  by 
which  to  make  our  way  over  the  ground,  and  on  which 
to  place  the  results  of  our  geological  observations. 
Besides,  the  main  features  and  much  of  the  detail  of 
British  geology  are  already  known,  and  have  been  ex- 
pressed with  more  or  less  precision  upon  published 
geological  maps.  We  cannot,  therefore,  begin  anywhere 
in  this  small  country  without  some  kind  of  general  know- 
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ledge  about  the  formations  and  structure  of  the  district 
we  may  propose  to  examine. 

There  is  still  another  element  to  be  taken  into  account 
as  determining  the  character  and  methods  of  field-geo- 
logy in  Britain — one  which  perhaps  geologists  themselves 
hardly  sufficiently  recognise — the  climate  of  the  country. 
I  do  not  believe  that  any  one  who  has  not  daily  occasion 
to  be  out  for  many  hours  in  the  open  air,  and  whose 
avocations  make  him  to  some  extent  dependent  upon 
the  weather,  can  have  any  proper  notion  of  how  good 
the  average  weather  of  this  country  is,  and  how  few 
thoroughly  bad  days  there  are  in  the  year  when  he 
cannot  secure  even  an  hour  or  two  of  outdoor  exercise. 
Our  summers  are  seldom  too  hot  to  prevent  the  full  use 
of  a  long  July  day.  Our  winters  are  so  mild,  and  in 
many  seasons  bring  so  little  snow,  that  if  need  be  we 
may  in  most  years  carry  on  field-work  up  to  the  end 
of  December,  and  renew  it  at  the  beginning  of  January. 

Such  being  the  conditions  under  which  field-geology 
may  be  prosecuted  in  Britain,  it  is  evident  that  an 
observer  may  start  for  any  district  of  the  country  alone 
and  investigate  its  structure  by  himself.  There  is  no 
occasion  for  combining  a  geological  party,  though  that 
may  be  done  if  need  be.  In  the  organised  field-work  of 
the  Geological  Survey  each  officer  has  his  own  area 
assigned  to  him,  and  works  out  its  geology  himself, 
consulting,  of  course,  from  time  to  time  his  colleagues, 
who  may  be  stationed  in  adjoining  tracts,  and  arranging 
with  them  as  to  the  joining-up  of  their  various  geological 
boundary  lines. 

The  extent  of  ground  which  can  be  examined  and 
mapped  in  a  year  by  one  of  the  geologists  of  the 
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Survey  varies,  not  only  with  the  capacity  of  the  surveyor, 
but  with  the  nature  of  the  ground,  whether  level,  easily 
traversed,  and  with  comparatively  few  geological  sections, 
or  rough  and  high,  laborious  to  climb  or  cross,  and 
abounding  in  streams  and  crags,  all  of  which  must  be 
examined  and  mapped.  A  man  might  complete  the 
survey  of  half  a  county  lying  upon  the  chalk  of  the 
south-east  of  England  before  another  could  get  over 
more  than  a  part  of  a  single  parish  in  such  intricate 
geological  and  rough  mountainous  ground  as  that  round 
Snowdon,  or  that  in  many  districts  of  Scotland. 

Let  me  place  before  the  reader  some  statistics  re- 
specting the  rate  of  work  in  the  Geological  Survey  of 
Scotland,  where  much  of  the  ground  is  hilly  and  where 
the  geological  structure  is  often  far  from  simple. 
The  average  annual  area  of  ground  geologically  examined 
and  surveyed  by  each  officer  in  the  field  is  not  much 
below  100  square  miles.  This  amount  is  performed  by 
an  average  daily  walk  of  from  ten  to  fifteen  miles,  ex- 
clusive of  Sundays,  holidays,  wet  days,  and  the  time 
spent  indoors  in  reducing  the  field-work  and  preparing 
it  for  publication.  The  part  of  the  year  devoted  to 
actual  surveying  may  be  set  down  as  about  200  days, 
or  it  may  be  perhaps  rather  more  than  that.  We  see, 
then,  that  one  of  the  members  of  the  Scottish  Geological 
Survey  walks  about  2,000  or  2,500  miles  in  the  course 
of  the  year.  Every  square  mile  of  his  completed  map 
represents,  therefore,  on  the  average,  about  twenty  or 
twenty-five  miles  of  actual  walking. 

It  will  be  readily  believed,  that  with  all  the  advantages 
for  field-geology  in  Britain  it  should  be  possible  here  to 
construct  the  most  elaborate  geological  maps.  I  would 
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refer  to  some  of  the  published  sheets  of  the  Geological 
Survey  of  the  United  Kingdom  for  an  illustration  of 
what  can  be,  and  has  been,  done  in  this  respect.  I  do 
not  suppose  that  any  such  detailed  geological  work  has 
been  elsewhere  attempted.  The  large  maps  on  the  scale 
of  six  inches  to  the  mile,  with  which  the  field-work  is 
now  chiefly  conducted,  admit  of  almost  unlimited  detail. 
Every  important  or  interesting  stratum  may  be  put  down 
and  traced  on  these  maps ;  little  dislocations  of  only  a 
few  feet  in  extent  may  be  shown  even  when  they  are 
pretty  closely  crowded  together ;  no  feature  of  geological 
value  need  be  omitted  for  want  of  space  to  express  it. 
As  illustrations  of  intricate  and  detailed  geological  map- 
ping I  may  cite  sheets  14,  15,  22,  and  23  of  the  one- inch 
Geological  Survey  Map  of  Scotland,  and  the  corre- 
sponding six-inch  coal-field  maps  belonging  to  the  same 
tract  of  the  country. 

Now  with  field-geology  and  map-making  as  possible, 
and  as  actually  accomplished,  in  Britain,  let  us  contrast 
the  conditions  under  which  work  of  this  kind  must  be 
carried  on  in  an  unexplored  region  like  the  Western 
Territories  of  the  United  States.  The  survey  of  vast 
tracts  in  those  parts  of  the  North  American  continent 
by  Hayden,  King,  and  Powell  proves  them  to  be  among 
the  most  zealous,  active,  and  efficient  geologists  who  ever 
undertook  the  task  of  pioneering  through  a  new  country. 
But  the  utmost  skill  and  experience  cannot  alter  the 
natural  features  of  a  country  and  its  climate.  The 
American  survey  requires  to  be  carried  on  in  a  very 
different  manner  from  ours,  and  I  cite  it  as  an  excellent 
example  of  how  field-geology  can  be  prosecuted  in  new 
and  previously  unmapped  regions. 
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As  the  topographical  map  of  the  country  required  to 
be  made,  Dr.  Hayden's  survey  was  at  once  geographical 
and  geological.  His  staff  contained  more  topographers 
than  geologists.  It  required  division  into  separate  work- 
ing parties,  to  each  of  which  a  distinct  tract  of  country 
was  assigned.  From  the  higher  hill-tops  triangulations 
were  made  and  outline-sketches  were  taken,  so  that  a 
general  map  was  traced  and  filled  in.  In  this  work  the 
geologists  co-operated,  indicating  to  their  associates  the 
salient  geological  features  of  each  region,  and  inserting 
these  upon  sections  or  diagrams,  which,  for  beauty  and 
effectiveness,  are  among  the  most  remarkable  geological 
sketches  which  have  yet  been  produced. 

Besides  the  scientific  staff,  however,  provision  had  to 
be  made  for  a  foraging  department :  and  sometimes,  also, 
an  escort  has  been  needed,  where  the  work  lay  in  or  near 
the  territories  of  hostile  Indians. 

As  a  sample  of  the  equipment  of  Dr.  Hayden's  survey 
I  may  cite  a  few  particulars  from  his  Report  for  1874. 
The  staff  in  the  field  was  divided  into  seven  parties.  Of 
the  organisation  of  these,  the  first  may  be  taken  as  a 
type.  It  consisted  of  one  assistant  geologist  as  director, 
two  topographers,  two  meteorologists,  one  botanist  and 
collector,  one  general  assistant,  two  packers,  cook,  and 
hunter.  It  would  seem  that  there  was  thus  only  one 
geologist  in  the  party,  though  probably  one  or  two  of  the 
other  members  were  able  to  lend  him  some  assistance. 
Starting  on  the  aoth  of  July,  the  party  continued  the 
campaign  till  the  2;th  of  November.  During  that  time 
it  surveyed  4,300  square  miles  of  new  ground,  which  is 
probably  an  average  of  somewhere  about  forty  square 
miles  a  day.  This  working  party,  therefore,  though 
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probably  not  much  more  than  one  geologist  strong, 
accomplished  in  three  days  as  great  an  area  of  work 
as  one  of  my  colleagues  finds  it  possible  to  complete 
in  a  year.  Such  rapid  surveying  can  of  course  be  re- 
garded as  furnishing  merely  a  kind  of  rough  prelimi- 
nary sketch  of  the  geology  of  the  territories,  to  serve  as 
the  basis  for  future  detailed  surveys.  It  may  be  taken  as 
an  example  of  broad  generalised  field-work  on  the  one 
hand,  while  the  Geological  Survey  of  Britain  stands  at 
the  opposite  extreme,  as  a  model  of  patient  and  elaborate 
detail. 

The  student  may  usefully  refer  to  other  examples  of 
such  pioneering  geological  exploration  in  Western 
America.  Of  these,  the  "  Exploration  of  the  Fortieth 
Parallel,"  under  Mr.  Clarence  King,  and  the  "  Geological 
and  Geographical  Survey  of  the  Rocky  Mountain 
Region,"  under  Major  Powell,  well  deserve  perusal. 
The  more  recent  monographs  of  Captain  Button,  of 
the  United  States  Geological  Survey,  may  also  be 
profitably  studied. 


CHAPTER  VI. 

DETERMINATION   OF   ROCKS. 

WHETHER  field-geology  is  to  be  carried  on  rapidly  and 
in  a  generalised  way,  or  slowly  and  in  detail,  the  same 
methods  must  be  followed.  I  have  supposed  the  geolo- 
gist to  have  selected  and  reached  his  ground,  and  to 
have  made  a  few  preliminary  traverses  to  gain  some 
notion  of  the  chief  rocks  and  their  arrangement.  Let  us 
follow  his  subsequent  operations. 

The  brooks,  ravines,  sea-coasts,  hill-sides,  valleys,  and 
mountains,  in  short  every  natural  section  or  artificial  ex- 
posure of  the  rocks,  will  be  carefully  examined,  and  the 
observations  made  will  be  registered  in  note-book  or 
map  at  the  time.  In  the  course  of  these  rambles  three 
points  will  have  to  be  settled :  first,  the  lithology  and 
distribution  of  the  rocks;  second,  their  probable  or 
actual  geological  horizon  or  date ;  third,  their  position 
with  regard  to  each  other,  that  is,  the  geological  structure 
of  the  district. 

The  determination  of  the  nature  of  the  rocks  is 
obviously  the  first  question  which  must  be  dealt  with. 
And  here  it  must  be  remembered  that  the  term  rock  is 
applied  in  geology  indifferently  to  all  kinds  of  naturally- 
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formed  stones  which  occur  in  mass,  even  to  peat,  blown 
sand,  and  mud.  Taking  them  in  this  wide  sense,  the 
geologist  considers,  with  regard  to  those  he  encounters 
in  the  field,  whether  they  are  Fragmental,  Derivative,  or 
Stratified  (Klastische  Gesteine),  and,  if  so,  whether  they 
are  conglomerates,  sandstones,  shales,  clays,  limestones, 
ironstones,  or  other  varieties  of  this  great  series ;  whether, 
on  the  other  hand,  they  are  Crystalline  or  Igneous  rocks, 
and  if  so,  whether  they  should  be  classed  as  granite, 
syenite,  diorite,  basalt,  gabbro,  serpentine,  or  other 
species  of  this  family  ;  or  whether  they  are  to  be  called 
Foliated  or  Metamorphic  rocks,  such  as  gneiss,  mica-schist, 
or  hornblende-slate.  To  be  able  to  answer  these  questions, 
the  observer  must  have  trained  his  eye  by  the  examination 
of  good  typical  specimens  of  rocks.  This  is  a  kind  of 
knowledge  not  to  be  obtained  from  books ;  it  can  only 
be  gathered  from  patient  and  intelligent  handling  of  the 
rocks  themselves.  In  the  field  the  observer  who  has 
had  this  training  in  PETROGRAPHY,  as  the  study  of  rocks 
is  termed,  can  usually  recognise  the  rocks  he  encounters. 
A  pocket  knife,  lens,  and  acid-bottle  will  assist  him  if  his 
eye  does  not  readily  detect  the  characters  of  the  stone. 
But  it  will  often  happen  that  he  requires  to  subject  a 
rock  to  more  careful  examination  at  home,  before  he  can 
decide  as  to  its  nature  and  name. 

It  is  absolutely  necessary,  however,  that  the  field- 
geologist  should  have  already  familiarised  his  eye  with 
certain  important  minerals  which  enter  largely  into  the 
composition  of  rocks,  so  as  to  be  able  to  identify  and 
distinguish  them,  and  thereby  the  rocks  which  they  con- 
stitute. For  this  purpose  he  should  procure  a  collection 
of  these  minerals,  and  subject  them  to  careful  examina- 
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tion,  so  as  to  fix  their  characters  in  his  mind  ;  while  at 
the  same  time  he  will  not  omit  to  devote  as  much  time 
as  he  can  spare  to  the  attentive  study  of  any  good 
mineralogical  cabinet  within  his  reach.  The  number  of 
minerals  which  form  essential  constituents  of  widely- 
diffused  rocks  is  comparatively  small.  Nor  are  those 
very  numerous  which  occur  abundantly  as  accessory 
or  accidental  ingredients.  In  Chapter  XVI.  the  reader 
will  find  a  list  of  those  which  it  is  desirable  that  he 
should  know,  with  a  reference  to  the  part  they  play  as 
constituents  of  rocks. 

But  if  the  geologist  means  to  devote  himself  to  the 
study  of  the  genesis  of  rocks,  particularly  those  of 
igneous  and  metamorphic  origin,  he  will  find  it  needful  to 
enter  much  more  fully  into  the  domain  of  MINERALOGY. 
Nor  will  he  regret  such  an  excursion  ;  for  in  studying 
the  structure  and  growth  of  minerals  he  learns  how  rocks 
have  been  formed,  and  by  what  processes  they  have  been 
altered  since  their  formation.  This  is  well  brought  out 
by  the  microscopical  examination  of  crystals,  as  will  be 
pointed  out  in  a  later  chapter. 

Though  practice  alone  can  give  the  learner  justifiable 
confidence  among  rocks  in  the  field,  some  hints  may  be 
offered  here  for  his  guidance.  He  must  learn  to  distin- 
guish between  essential  and  accidental  characters.  Two 
rocks  for  instance  may  exactly  resemble  each  other  in 
colour,  and  even  tn  shade  of  colour,  yet  the  one  may  be 
a  derivative  or  sedimentary  mass,  the  other  an  original 
or  igneous  one.  Colour,  therefore,  can  hardly  be  a  very 
trustworthy  index  of  the  true  nature  of  a  rock.  Again,  a 
rock  may  at  one  place  be  so  compact  and  tough  as  to  be 
broken  with  difficulty,  though  at  a  short  distance  it  may 
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be  as  soft  as  loose  gravel  or  sand.  Wide  variations  in 
texture  likewise  occur ;  a  mass  of  rock  will  here  present 
a  coarsely  crystalline  or  almost  granitoid  aspect,  while 
there  it  may  be  so  close-grained  as  to  appear  nearly 
homogeneous. 

In  his  field-work,  therefore,  the  learner  will  discover 
by  experience  what  are  the  essential  characters  in  each 
case.  Reserving  more  precise  and  detailed  investigation 
for  indoor-work  (see  Chap.  XVI.),  he  will  find  that  with 
the  unaided  eye  and  such  instruments  as  can  be  carried 
in  the  field,  he  can  take  note  of  the  following  particulars 
of  the  rocks:  i.  Fresh  fracture  and  weathered  surface. 
2.  Structure  and  texture.  3.  Hardness  and  streak. 
4.  Colour.  5.  Smell.  6.  Feel.  7.  Behaviour  in  mass. 

I.  Fresh  Fracture  and  "Weathered  Surface. 
— All  rocks  yield  more  or  less  to  the  corroding  action  of 
the  atmosphere.  Some,  like  pure  limestone,  are  merely 
dissolved  by  rain,  and  remain  with  a  bare,  clean,  hard 
surface.  But  most  of  them  show  a  more  or  less  distinct 


FIG.  5. — Weathered  crust,  showing  concentric  zones  of  oxidation. 

crust  or  outer  crumbling  skin,  which  is  thicker  or  thinner, 
according  to  the  resisting  power  of  the  rock  on  the  one 
hand,  and  the  vigour  of  the  decomposing  agents ,  on  the 
other.  In  this  outer  weathered  crust  we  may  often 
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observe  the  composition  of  the  rock  better  than  on  the 
fresh  fracture.  The  very  existence  of  such  a  crust 
depends  upon  unequal  decay ;  some  one  or  more  in- 
gredients of  the  rock  disappear  faster  than  the  others, 
which  may  remain  isolated  and  comparatively  little 
altered  in  the  crumbling  debris  of  the  decomposed  con- 
stituent. For  example,  in  many  close-grained  and  crys- 
talline rocks,  consisting  of  quartz  and  felspar,  these  two 
minerals  are  so  intermingled  and  so  resemble  each  other 
in  colour  and  lustre,  that  at  a  first  glance  they  might  not 
be  distinguished ;  but  on  a  weathered  surface  their  clearly 
defined  differences  stand  out  very  sharply ;  the  felspar 
has  a  dull  earthy  texture  and  white  colour,  while  the 
quartz  projects  in  hard  glassy  grains.  A  large  number 
of  rocks  are  characterised  each  by  its  own  type  of 
weathering.  Thus,  granite  is  apt  to  split  along  its  joints 
and  to  assume,  as  it  decays,  the  aspect  of  ruined  walls 
and  buttresses  of  Cyclopean  masonry.  Basalt  rocks  are 
prone  to  develop  a  spheroidal  structure,  each  globular 
mass  exfoliating  into  concentric  onion-like  coats  (Fig.  6). 
Limestone  projects  in  bare,  smooth,  bleached  knobs, 
curiously  fretted,  channelled,  and  honeycombed ;  the 
grass  around  is  usually  greener  than  elsewhere,  and  the 
ground  is  often  perforated  with  swallow-holes,  tunnels, 
and  ramifying  passages. 

The  contrast  between  a  weathered  and  a  fresh  piece 
of  the  same  rock  is  often  so  extreme  that  the  beginner 
would  not  willingly  admit  them  to  be  from  the  same 
mass,  unless  he  had  himself  detached  them.  Basalt, 
for  instance,  on  a  fresh  unaltered  fracture,  is  a  com- 
pact or  finely  crystalline  rock,  heavy,  and  of  an  iron- 
black  colour.  But  on  a  weathered  cliff  it  may  be  seen 
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of  every  hue  from  bright  yellow  to  sombre  brown,  and  in 
many  places  so  soft  as  to  be  capable  of  being  dug  out 
with  a  spade.  The  beginner,  therefore,  should  on  no 


FIG.  6. — Doferite  (basalt)  weathering  spheroidally.     North  Queensferry. 

account  omit  to  make  himself  acquainted  both  with  the 
unaltered  and  the  altered  conditions  of  rocks.  By 
degrees  he  will  learn  to  recognise  a  rock  through  all  its 
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protean  disguises  of  weathering,  and  distinguish  it  even 
at  some  distance. 

II.  Structure  and  Texture. — The  nature  of  the 
component  particles,  and  the  manner  in  which  they  are 
arranged  so  as  to  build  up  the  mass  of  the  rock,  con- 
stitute important  characters.  The  geologist  in  the  field 
has  of  course  only  very  limited  means  of  investigating 
these  characters,  so  that  when  they  become  doubtful  and 
obscure  he  may  be  compelled  to  defer  the  solution  of  his 
difficulties  until  he  can  find  opportunity  in-doors  of  sub- 
jecting the  rocks  to  more  detailed  and  careful  scrutiny. 
'  But  with  the  aid  of  his  pocket-lens  he  can  recognise 
three  types  of  structure  among  rocks  which  may  be 
termed  respectively  Crystalline,  Compact,  and  Fragmental. 
i.  CRYSTALLINE. — In  this  type  the  rocks  have  a  granular 
structure,  and  on  inspection  the  apparent  grains  are  found 
to  be  crystals,  or  crystalline  particles,  so  intermingled, 
or  felted  together,  as  to  give  coherence  to  the  stone. 
In  the  coarse-grained  varieties,  like  many  granites,  the 
crystals  of  which  can  be  distinctly  seen  at  a  distance  of 
several  yards,  their  true  crystalline  nature  is  at  once 
apparent.  We  see  that  their  grains  are  all  crystalline, 
and  that  the  lustre  reflected  from  so  many  shining  points 
on  their  surface  comes  from  the  cleavage  planes  of  the 
component  minerals.  But  as  the  texture  becomes  finer, 
as  it  does,  for  example,  in  the  family  of  the  basalt  rocks, 
the  unassisted  eye  may  hardly  be  able  to  detect  any 
crystalline  facettes,  even  on  a  fresh  fracture.  The  lens, 
however,  will  often  show  that  such  rocks  really  consist  of 
very  small  crystals.  But  the  fineness  of  grain  may  reach 
such  a  point  as  to  escape  detection  even  by  that  means, 
and  then  the  observer  must  call  the  rock  a  compact 
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one.  It  may  still  be  quite  crystalline,  however,  when 
examined  under  the  microscope,  in  the  manner  described 
in  a  later  chapter.  We  are  at  present  concerned  only 
with  those  external  characters  which  can  be  recognised 
by  the  observer  in  the  field. 

The  crystalline  particles  are  found  to  be  built  up  on 
two  different  plans.  In  the  great  majority  of  rocks  they 
are  (i)  amorphously  aggregated,  that  is,  they  have 
crystallized  together  promiscuously  without  any  definite 
arrangement,  so  that  the  rock  presents  much  the  same 


FIG.  7. — A  piece  of  grange.     Crystalline  structure. 

texture  no  matter  in  what  direction  it  may  be  broken ; 
(ii)  schistose  or  foliated,  that  is,  disposed  in  more  or  less 
distinctly  parallel  folia  or  laminae. 

(ist)  Amorphously  aggregated. — Rocks  of  this 
kind  are  a,  Simple,  or  /3,  Compound. 

(a)  Simple. — Composed  essentially  of  one  mineral, 
though  now  and  then  with  accessory  ingredients.  The 
rocks  of  this  sub-group  are  almost  entirely  of  aqueous 
origin,  that  is,  they  have  crystallized  from  solutions  in 
water.  Crystalline  limestone,  gypsum,  and  rock-salt  may 
be  taken  as  illustrative  examples.  A  few  silicates  occur 
in  this  form,  as  hornblende-rock,  but  most  of  them  incline 
to  the  foliated  type. 
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(/3)  Compound. — Composed  of  two  or  more  minerals 
in  an  infinite  variety  of  proportions.  Most  of  the  rocks 
which  constitute  this  very  important  series  are  what  are 
usually  called  Igneous ;  that  is,  they  have  crystallized  out 
of  molten  solutions  like  modern  lava.  They  almost  inva- 
riably consist  of  silicates  of  alumina,  with  magnesia, 
lime,  potass,  soda,  and  varying  proportions  of  iron  oxides, 
phosphate  of  lime,  &c.  The  great  majority  of  them  are 
mainly  composed  of  some  felspar,  or  at  least  contain  a 
large  percentage  of  that  mineral,  with  such  silicates  as 
hornblende,  augite,  olivine,  biotite,  and  muscovite  ;  free 
silica  in  the  form  of  blebs  or  crystals  of  quartz  ;  iron 
oxides,  particularly  magnetic  and  titaniferous  ;  apatite, 
&c.  Hence  they  are  commonly  distinguishable  from  the 
simple  rocks  by  their  greater  hardness,  toughness,  and 
weight.  Granite,  syenite,  quartz-porphyry,  basalt,  diorite, 
are  examples  of  compound  rocks. 

Many  varieties  of  texture  occur  among  these  rocks. 
The  following  are  among  the  more  important : — Coarse- 
crystalline  ;  fine-crystalline ;  (crypto-crystaWne,  where  the 


FIG.  8. — P»ece  of  lava,  showing  crystals  and  steam-holes. 

crystals  are  so  minute  as  to  appear  only  under  the 
microscope,  might  be  placed  by  the  field-geologist 
among  the  compact  series) ;  porphyritic — having  large 
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crystals,  usually  of  felspar,  scattered  through  a  compact 
base ;  cellular — full  of  spherical  cavities  formed  by  the 
expansion  of  imprisoned  steam  during  the  outflow  of  the 
rock  (Fig.  8) ;  scoriaceous — roughly  and  irregularly  cel- 
lular, like  the  scoriae  of  a  lava  stream,  or  the  "  clinkers  " 
from  a  foundry;  amygdaloidal — full  of  almond-shaped 
concretions  of  calcite,  calcedony,  zeolites,  or  other  mine- 
rals ;  these  concretions  having  been  deposited  by  infil- 
tration in  steam-holes  of  the  rock,  so  that  when  they 
weather  out,  the  original  cellular  aspect  of  the  mass  is 
restored. 

(2nd)  S  c  h  i  s  t  o  s  e. — Rocks  of  this  group  are  readily 
distinguishable  by  the  peculiar  arrangement  of  their 
component  minerals  into  parallel  layers  or  folia.  These 
layers  consist  sometimes  of  one  mineral,  as  in  horn- 
blende-schist ;  more  usually  they  are  composed  of  two 
or  more  minerals,  as  in  mica-schist  and  gneiss.  They 
may  be  observed  to  run  into  each  other  and  to  be  as  it 
were  welded  together.  Yet  they  are  distinctly  crystal- 
line. In  many  cases  they  present  a  wrinkled  or  crumpled 
aspect,  as  if  they  had  been  puckered  up  by  strong  lateral 
pressure. 

ii.  COMPACT. — Without  recognizable  component  crystals 
or  particles,  so  far  as  can  be  made  out  in  the  field,  but 
with  a  close,  homogeneous  texture.  Three  leading 
varieties  may  be  noticed — -ist,  Glassy ;  2nd,  Horny;  3rd, 
Fine-grained. 

(ist)  Glass  y — resembling  bottle-glass  or  pitch.  This 
sub-group  includes  the  natural  glasses,  as  obsidian,  and 
pitchstone.  Some  hydrocarbons,  as  asphalt  and  an- 
thracite, might  be  included  here. 

(2nd)  Horny — having  a  feebly  lustrous,  translucent 
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character,  like  flint.  The  chalk-flints  and  the  cherts  of 
older  formations  are  good  examples. 

(3rd)  Fine-grained — having  a  dull,  exceedingly  close 
granular  texture,  which  may  pass  into  the  fine  varieties  of 
the  crystalline  amorphous  rocks  on  the  one  hand,  and  of 
the  fragmental  rocks  on  the  other.  Many  limestones 
and  felsites  show  this  texture.  Hence,  as  it  characterises 
rocks  of  very  different  geological  structure  and  origin,  it 
evidently  must  be  used  with  caution  as  a  means  of  iden- 
tifying them.  Other  characters  should  be  looked  for, 
and  perhaps  in  the  end  appeal  must  be  made  to  the 
microscope. 

iii.  FRAGMENTAL  (Clastic) — composed  of  fragments  of 
pre-existing  rocks  or  minerals.  As  rocks  of  this  type 
are  mere  mechanical  mixtures,  they  present  endless 
variety,  both  in  composition  and  texture.  In  the  vast 


FIG.  9. — Piece  of  conglomerate,  showing  the  characteristic  rounded  water-worn 
aspect  of  the  component  parts  of  many  fragmental  rocks. 


majority  of  cases  they  are  of  aqueous  origin,  that  is,  they 
have  been  laid  down  as  sediment  in  water.  Their  com- 
ponent grains  are  therefore  usually  more  or  less  rounded 
and  water-worn  (Fig.  9),  even  when  consisting  of  crystal- 
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line  particles  derived  from  older  rocks.  The  coarse 
varieties,  consisting  of  compacted  gravel,  are  termed 
conglomerates  when  formed  of  rounded,  breccias  when 
formed  of  angular  fragments.  These  coarse-grained 
rocks  pass  into  grits  and  sandstones,  where  the  ma- 
terials, usually  more  or  less  siliceous,  have  been 
ground  down  into  sand.  Argillaceous  rocks  are  those 
composed  of  the  finer  or  clayey  sediment,  sometimes 
arranged  in  laminae  of  deposit,  as  in  shale,  at  other 
times  with  no  fissility,  as  in  fireclay  and  mud.  An  im- 
portant series  of  fragmental  rocks  has  been  formed  by 
the  consolidation  of  the  loose  dust  and  blocks  ejected 
by  a  volcano.  To  these  the  general  term  Tuffs  has 
been  applied.  (Fig.  10.) 


FIG.  10. — Piece  of  volcanic  tuff. 

With  the  fragmental  rocks  may  be  classed  those 
which  have  been  formed  of  the  fragmentary  remains  of 
plants  and  animals.  Ordinary  crinoidal  limestone  is  a 
characteristic  example,  consisting  as  it  does  of  the  con- 
gregated joints  and  plates  of  encrinites,  with  more  or 
less  perfect  mollusca,  corals,  echini,  fish-teeth,  &c. 
Some  of  these  organically  derived  rocks,  however,  pos- 
sess textures  which  would  justify  their  being  called 
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compact  rocks,  as  in  the  case  of  cannel  coal.  Others, 
again,  have  acquired,  in  large  measure,  a  crystalline 
texture,  as  has  happened  so  abundantly  in  the  Mountain 
Limestone.  The  reader  is  referred  to  Chapters  XVI.  and 
XVII.  for  further  information  on  this  subject. 


^^^^^^ 

FIG.  ii. — Piece  of  coal,  composed  of  matted  stems  of  Sigillaria.  and 
Lepidodendron.     Carmarthenshire.     (De  la  Beche.) 

III.  Hardness  and  Streak. — Rocks  differ  much 
from  each  other  in  hardness ;  even  in  the  same  mass  of 
rock  considerable  diversities  in  this  respect  may  be  met 
with.  Hardness  is  a  character  of  secondary  importance, 
though  it  may  often  be  usefully  employed  to  distinguish, 
among  the  compact  rocks,  siliceous  from  softer  calcareous 
masses.  Obviously  it  can  only  be  properly  applied  to 
perfectly  fresh  surfaces,  and  is  suited  to  homogeneous 
rather  than  to  compound  rocks.  The  scale  of  hardness 
employed  in  mineralogy  may  be  used  in  testing  rocks. 
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Talc. 


2.  Rock-salt. 

3.  CrJcite. 

4.  Fluor  rpar. 

5.  Apatite. 


6.  Orthoclase. 

7.  Quartz. 

8.  Topsz. 

9.  Corundum  (Emery) , 
10.  Diamond. 


A  rock  which  can  be  easily  scratched  with  the  finger- 
nail, like  many  chloritic-schists,  may  be  said  to  have  one 
degree  of  hardness,  or  H  i ;  rocks  possessing  the  hard- 
ness of  rock-salt  (2)  can  be  less  easily  scratched  with  the 
finger-nail.  The  pocket-knife  easily  marks  a  limestone 
or  crystal  of  calcite  (3),  which,  on  the  other  hand,  re- 
sists the  finger-nail;  a  little  more  pressure  is  required  to 
mark  a  crystal  of  fluor-spar  (4),  and  still  more  one  of 
apatite  (5).  Rocks  possessing  the  sixth  degree  of  hard- 
ness can  be  scratched  with  the  knife  with  difficulty,  while 
when  they  possess  gi eater  hardness  than  about  6£  degrees 
they  resist  the  knife  and  even  turn  its  edge,  or  take  a 
streak  of  steel.  Hence  as  rocks  of  this  resisting  power 
are  almost  always  siliceous,  the  application  of  the  knife 
furnishes  a  convenient  means  of  discriminating  them. 

Streak  is  the  name  given  to  the  powder  made 
when  the  knife  (or  file,  or  diamond)  is  drawn  across 
the  surface  of  a  mineral  or  rock.  Though  sometimes 
useful  in  mineralogy,  it  is  not  often  of  much  service 
among  rocks.  It  may  now  and  then  be  employed 
to  distinguish  compact  dark  bituminous  clays  or  shales 
from  varieties  of  coal,  the  former  giving  a  dull  brown  or 
grey  powder,  and  the  latter  a  lustrous  black  streak.  In 
the  case  of  impure  calcareous  rocks,  when  little  or  no 
effervescence  is  visible  in  a  drop  of  weak  acid  placed 
upon  the  clean  surface,  brisk  disengagement  of  carbonic 
acid  may  often  be  produced  by  dropping  the  acid  over 
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the  powder  made  by  a  scratch  with  the  knife.  Of  course, 
individual  minerals  which  occur  either  as  original  or 
accidental  constituents  of  rocks  may  be  tried  for  streak 
in  the  usual  way  required  in  mineralogical  inquiry. 
Small  specks  of  haematite  may  thus  be  detected  by 
their  characteristic  cherry-red  streak,  while  the  iron- 
peroxide  when  hydrated  will  show  its  brown  or  yellow 
streak. 

IV.  Colour. — Great  caution  must  be  exercised  in 
making  use  of  this  character  in  the  discrimination  of 
rocks.  The  same  rock  may,  even  within  short  distances, 
display  the  most  extraordinary  varieties  of  colour.  But 
within  certain  limits  the  colour  of  a  rock  is  an  indication 
of  the  nature  of  some  at  least  of  its  constituents.  Iron  is 
the  great  pigment  to  which  the  rocks  owe  their  diversities 
of  hue.  It  gives  rise  to  numerous  tints  of  yellow,  brown, 
red,  and  green,  as  well  as  to  blue  and  black.  Some 
hints  as  to  the  causes  of  a  few  common  varieties  of 
colour  may  be  of  service. 

White. — Limestones  and  clays  are  often  quite  white, 
and  in  this  condition  are  almost  always  at  their  purest. 
Iron  is  generally  absent,  or  present  in  but  small  quantity, 
in  white  rocks.  The  result  of  weathering  is  often  to  bleach 
rocks  white,  the  air  and  rain  removing  the  colouring 
materials,  more  especially  the  iron.  The  stones  in  a 
morass,  or  below  peat  turf,  are  commonly  bleached  as 
white  as  chalk  on  the  outside — the  result  of  the  reducing 
action  of  the  organic  matter  on  the  iron  oxides  which  are 
removed  in  solution  as  organic  compounds  or  as  carbonates. 

Black. — Many  carbonaceous  rocks  are  black.  Coals 
may  be  distinguished  by  their  lightness,  texture,  and 
combustion.  Clays  or  shales,  rendered  black  by  the 
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vegetable  matter  they  contain,  may  be  recognised  by 
their  weight,  streak,  and  their  turning  white  but  retaining 
their  shape  when  strongly  heated.  But  black  heavy  rocks 
abound  in  which  there  is  no  trace  of  carbon.  These 
very  generally  contain  a  considerable  amount  of  iron, 
either  in  the  form  of  magnetite,  ilmenite,  or  other  related 
oxide,  or  in  that  of  some  black  ferruginous  mineral,  such 
as  hornblende.  Such  rocks  are  apt  to  weather  with  a 
brown  or  yellow  crust,  owing  to  the  conversion  of  the 
iron  into  the  hydrous  peroxide. 

Brown. — This  colour  characterises  some  rocks  on  their 
fresh  fractures,  as  the  variety  of  ironstone  called  black- 
band.  A  few  crystalline  rocks  have  a  brown  tint  from 
the  presence  of  minerals  of  that  colour,  such  as  varieties 
of  mica  and  garnet.  But  it  is  more  particularly  on  the 
decomposed  surfaces  and  crusts  of  rocks  that  brown  tints 
appear.  The  iron  is  there  converted  into  the  hydrous 
peroxide,  limonite.  Basalt  rocks  show  this  change  in  a 
most  instructive  manner.  Earthy  manganese  also  gives 
dark  brown  to  black  tints. 

Yellow. — The  colouring  material  of  yellow  rocks  is 
almost  always  limonite.  Yellow  sandstones,  beds  of 
ochre,  the  weathered  crusts  of  many  limestones  and  of 
numerous  ferruginous  crystalline  rocks  furnish  illus- 
trations. Sometimes  a  metallic  or  brassy  yellow  is 
communicated  to  parts  of  rocks  by  diffused  iron-pyrites  ; 
when  this  yellow  is  of  the  pale  kind  due  to  marcasite,  it 
can  only  be  seen  on  fresh  fractures,  as  it  disappears  with 
the  rapid  decomposition  of  the  mineral. 

Red. — The  prevailing  hue  of  red  rocks  varies  from  a 
brownish-red  to  a  bright  brick-red,  and  is  due  to  the 
presence  of  the  peroxide  of  iron,  haematite.  Such  rocks 
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are  often  mottled  with  or  pass  into  yellow  and  brown 
tints,  where  the  iron  they  contain  has  been  hydrated. 
These  colours  are  most  typically  displayed  among  red 
sandstones  and  clays,  of  which  an  enormous  mass  occurs 
in  the  Old  Red  and  New  Red  Sandstone,  and  in  the 
Trias.  Some  rocks  show  a  delicate  flesh-red  tint  from 
the  colour  of  their  orthoclase  felspar,  as  in  pink  granite. 
Iron  is  in  this  case  also  the  pigment. 

Green. — Many  red  sandstones  are  marked  with  circular 
spots  of  green,  due  to  the  reduction  of  the  iron  oxide. 
Protosilicate  of  iron  is  the  prevalent  green  pigment  of 
rocks ;  carbonates  of  copper  sometimes  colour  rocks  of 
bright  verdigris  and  emerald  green  tints.  Many  mag- 
nesian  silicates  are  green,  and  impart  green  colours  of 
various  hues  to  the  rocks  of  which  they  are  constituents. 
Thus  hornblende  and  augite  give  rise  to  dark  bottle- 
green,  and  among  the  schistose  rocks  to  paler  apple- 
green  and  leek-green  tints.  The  hydrous  forms  of  these 
silicates,  talc,  chlorite,  and  serpentine,  form  characteristi- 
cally green  rocks,  the  talc  rocks  shading  off  into  white, 
and  serpentine  into  black  and  dark  red.  Glauconite 
extensively  diffused  through  certain  sandstones  gives 
them  a  characteristic  green  colour. 

Blue  is  not  a  frequent  colour  in  rock  masses.  It  is 
often  spoken  of  as  the  colour  of  many  limestones,  which, 
however,  are  grey  or  bluish-grey.  Beautiful  belts  of  pale 
blue  and  white  occur  among  the  schistose  rocks  where 
the  mineral  kyanite  abounds.  Some  clays  and  litho- 
marges  are  of  a  pale  lavender-blue.  Patches  of  a  bright 
smalt  blue,  or  of  an  indigo  tint,  may  be  met  with  among 
peat-mosses,  where  some  animal  organism  has  decayed 
and  given  rise  to  the  formation  of  phosphate  of  iron. 
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Grey  may  be  said  to  be  the  prevailing  colour  among 
rocks,  especially  of  the  older  geological  periods.  In 
simple  rocks  like  limestones  it  is  often  produced  by  the 
intermingling  of  minute  particles  of  clay,  sand,  or  iron- 
oxide,  or  of  amorphous  carbonate  of  lime  with  the  paler 
crystalline  calcite  of  the  comminuted  organisms.  Pure 
crystalline  limestone  is  naturally  snow-white,  as  in 
Carrara  marble.  In  compound  rocks  the  prevailing 
grey  hues  depend  on  the  mixture  of  a  white  mineral, 
usually  a  felspar,  with  one  or  more  dark  minerals  like 
magnetite,  hornblende,  or  augite,  the  lightness  or  dark- 
ness of  the  hue  depending  upon  the  relative  proportions 
of  the  constituents.  Should  the  felspar  be  coloured  by 
iron,  a  pinkish  hue  may  be  given  to  the  grey ;  or  if  the 
dark  magnesian  silicates  have  been  altered  into  some  of 
their  hydrous  representatives,  the  grey  becomes  more  or 
less  distinctly  green.  The  old  "  greenstones  "  owe  their 
distinctive  hue  to  this  source. 

V.  Smell. — Clay-rocks  may  be   recognised   by  the 
peculiar  earthy  odour  they  give  out  when  breathed  upon. 
Crystalline    felspar    rocks    when    breathed   upon    often 
yield   this    smell.      Some   rocks,    especially  limestones 
containing  animal  matter  or  decomposing  iron  sulphides, 
yield  a  fetid  or  rotten-egg  smell  when  freshly  broken. 

VI.  Feel. — A   few   rocks    are    characterised    by   a 
peculiar  feeling  to  the  touch.      This   is  chiefly  shown 
by  the  hydrous  magnesian  silicates,   talc,  chlorite,  ser- 
pentine, &c.    (also   by  some  micaceous  schists),  which 
have  a  greasy  or  soapy  feel.     In  large  tracts  of  country 
formed    of    chlorite-schist,    margarodite-schist,    or    ser- 
pentine rock,    the   stones  have    everywhere    this    cha- 
racteristic.    The  term  "  trachyte  "  was  originally  applied 

F 


OUTLINES  OF  FIELD-GEOLOGY.  [CHAP. 


vi.]  DETERMINATION  OF  ROCKS.  67 

to  certain  volcanic  rocks  distinguished  by  the  harsh, 
prickly  feeling  experienced  when  the  finger  is  passed 
over  their  surface.  A  rock  like  chalk  is  said  to  be 
meagre  to  the  touch. 

VII.  Behaviour  in  Mass. — There  are  some  re- 
markably characteristic  aspects  of  rocks  which  cannot 
be  judged  of  in  hand-specimens,  any  more  than  the 
architecture  of  a  building  can  be  told  from  the  nature 
of  the  stone  employed  in  its  construction.  It  is  as  parts 
of  the  architecture  of  the  earth's  crust  that  rocks  present 
many  of  their  most  typical  and  individual  features. 
These  broader  and  larger  characters  show  themselves  in 
the  outline  of  every  hill  and  mountain.  As  illustrations 
we  may  take  the  two  contrasted  groups  of  the  stratified 
fragmental  and  amorphous  crystalline  rocks.  Even  from 
a  distance  the  difference  between  these  rocks  makes 
itself  felt  in  the  striking  distinctions  so  often  visible  in 
the  form  of  mountains.  Thus  in  Fig.  12  it  will  be 
noticed  that  two  prominent  sets  of  lines  can  be  traced  all 
along  the  crests  and  declivities — the  horizontal  lines  of 
the  bedding  and  the  vertical  lines  of  the  joints.  The 
rocks  are  cut  into  huge  blocks  in  the  process  of  denuda- 
tion, and  these  blocks  are  further  channelled  and  chiselled 
along  the  dominant  divisional  lines.  With  this  recti- 
linear style  of  architecture  compare  that  of  a  mass  of 
granite,  one  of  the  amorphous  crystalline  rocks.  No 
parallel  systems  of  lines  here  catch  the  eye.  The 
crests  are  splintered,  indeed,  along  the  joints,  and  these 
divisional  lines  may  be  traced  by  a  practised  eye  down 
many  of  the  cliffs  and  steep  declivities  of  granite,  but 
they  never  show  the  definiteness,  regularity,  and  alter- 
nation of  prominent  and  retiring  bands  so  typical  of 
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stratified  rocks.  The  general  lines  of  the  mountain  are 
graceful  curves  rising  more  and  more  towards  the  summits 
till  they  often  become  vertical. 

The  stratified  rocks,  then,  are  distinguished  by  their 
arrangement  into  beds,  varying  according  to  the  nature 
of  the  substance,  from  the  finest  laminae  up  to  large 
masses  many  yards  in  thickness.  The  amorphous 
crystalline  rocks,  on  the  other  hand,  are  marked  by  the 
absence  of  all  structure  except  their  joints.  The  reader 
will  find  this  subject  further  illustrated  in  succeeding 
chapters ;  but  he  will  learn  more  by  a  little  practice  in 
the  field  than  can  be  easily  communicated  by  books. 


CHAPTER  VII. 

THE    NATURE   AND    USE    OF    FOSSILS. 

IN  probably  the  great  majority  of  cases,  it  is  the  interest 
attaching  to  the  remains  of  once  living  plants  and  ani- 
mals imbedded  in  the  rocks  which  induces  people  to 
read  geological  books  and  to  devote  their  time  to  the 
endeavour  to  gain  some  practical  acquaintance  with 
geology.  But  as  a  rule  the  practical  work  begins  and 
ends  with  the  gathering  of  the  specimens.  In  the 
present  chapter  I  wish  to  show  that  apart  from  their 
interest  or  beauty  as  specimens  which  can  be  arranged 
in  a  collection,  the  relics  of  former  organisms  are  of  the 
utmost  value  in  geological  inquiry, — that  in  fact,  so  far 
as  relates  to  the  chronological  succession  of  geological 
history,  their  importance  is  paramount. 

A  "  fossil "  is  literally  anything  dug  up.  The  word, 
formerly  applied  indiscriminately  to  any  mineral  sub- 
stance taken  out  of  the  earth,  whether  possessing  organ- 
ized structure  or  not,  is  now  restricted  to  the  remains  or 
traces  of  plants  and  animals  which  have  been  imbedded 
by  natural  causes  in  any  geological  formation,  whether 
ancient  rock  or  modern  superficial  deposit.  Thus  under 
the  designation  "fossil,"  we  must  include  the  entire 
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carcases  of  mammoths  and  rhinoceroses  which  have  been 
preserved  for  ages  with  their  flesh  and  hair,  frozen  up  in 
some  of  the  muddy  soils  of  Siberia ;  the  skeleton  of  a 
stag  preserved  in  a  peat-bog  ;  the  scales  and  teeth  of 
fishes  scattered  through  a  solid  limestone  ;  the  shells  of 
mollusca,  the  calcareous  framework  of  corals,  the  com- 
pressed leaves,  fruits,  and  stems  of  plants ;  in  short,  any 
and  every  part  of  an  organism  which  has  been  imbedded 
in  a  geological  formation,  no  matter  what  may  be  its 
condition  of  preservation,  and  whether  or  not  it  has  been 
partially  or  wholly  petrified. 

But  not  merely  must  we  include  every  portion  of  the 
organism ;  we  may  properly  class  also  with  fossils  every 
substance  or  marking  which  has  been  connected  in  any 
way  with  the  organism  and  bears  witness  as  to  its  exist- 
ence and  character.  Thus,  the  resin  of  a  tree,  the  trail 
or  the  castings  of  a  worm,  the  droppings  of  animals, 
even  the  tools  and  weapons  of  man,  may  all  become 
fossils  and  yield  their  evidence  as  to  former  conditions  of 
life. 

As  the  circumstances  under  which  fossils  have  been 
entombed  have  greatly  varied,  the  observer  must  be  pre- 
pared for  the  most  extraordinary  differences  in  the  appear- 
ance of  even  the  same  species  of  fossil  in  different  places 
and  kinds  of  rock.  In  some  rare  examples  the  body  of 
the  animal  has  been  so  entirely  and  perfectly  preserved 
that  its  flesh  when  first  disinterred  may  actually  be  eaten, 
as  was  the  case  with  the  Siberian  mammoth  just  referred 
to,  which  was  so  fresh  as  to  be  torn  in  pieces  and  devoured 
by  beasts  and  birds  of  prey.  As  a  rule,  however,  the 
soft  parts  of  the  organism  are  gone.  Where  there  have 
been  harder  parts,  such  as  an  internal  skeleton  or  an 
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external  covering,  these  may  still  remain  nearly  or  quite 
in  their  original  condition.  As  a  rule,  however,  even  the 
harder  parts  have  undergone  some  change  ;  they  have 
lost  some  portions  of  their  original  substance,  more 
particularly  the  animal  matter,  and  have  had  mineral 
material  infiltrated  instead.  And  the  process  of  replace- 
ment has  often  continued  until  every  particle  of  the 
original  bone  or  shell  or  stem  has  been  removed  and 
has  been  replaced  by  carbonate  of  lime,  silica,  spathic 
iron,  or  some  other  mineral  whereby  the  minute  structure 
of  the  organism  has  been  perfectly  preserved.  In  other 
cases  the  whole  of  the  animal  or  plant  has  disappeared, 
and  has  been  replaced  by  a  cast  which  retains  the  external 
form  of  the  original,  but  is  internally  entirely  structureless ; 
or  the  cast,  if  there  ever  was  one,  has  been  destroyed, 
and  only  an  empty  cavity  remains  to  mark  where  the 
organism  once  lay.  In  the  case  of  the  mollusca  we  may 
have  either  a  cast  of  the  external  or  internal  form  of  the 
shell.  The  observer  will  often  be  puzzled  at  first  by 
such  internal  casts,  as  he  will  at  once  understand  if  he 
takes  the  two  valves  of  an  empty  oyster-shell,  places  them 
in  their  original  position,  and,  after  making  a  small  hole 
in  one  of  them,  pours  in  liquid  plaster  of  Paris  until  the 
internal  cavity  is  filled  with  it.  When  the  plaster  has 
set  he  can  remove  the  valves,  and  he  will  have  an  in- 
ternal cast  of  the  oyster.  But  had  he  seen  the  object 
before  making  the  experiment,  he  would  not  have  been 
likely  to  guess  what  it  was. 

Again,  at  the  outset  he  may  experience  some  difficulty 
in  identifying  the  same  fossil  when  it  occurs  in  different 
kinds  of  stone.  For  example,  a  plant  which,  when  pre- 
served in  shale  or  any  argillaceous  layer,  may  retain  each 
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leaflet,  scar,  and  surface-marking,  will  perhaps  appear  in 
sandstone  as  a  mere  black  streak  of  coaly  substance.  A 
fossil  fish,  which  if  found  in  a  limestone  nodule  may 
have  every  scale  and  bone  in  place,  each  with  its  peculiar 
sculpture  delicately  shown,  may,  if  met  with  in  a  conglo- 
merate, occur  merely  in  scattered  fragments,  all  so  much 
rounded  and  worn  as  to  be  hardly  recognisable. 

A  little  experience  will  guide  the  learner  to  those  rocks 
which  are  likely  to  contain  fossils.  No  general  rule  can 
be  laid  down ;  for  the  kinds  of  rock  which  are  barren  of 
organic  remains  in  some  places,  abound  with  them  in 
others.  Conglomerates,  for  example,  are  not  usually 
rocks  in  which  we  should  expect  to  meet  with  fossils ; 
nor  as  a  rule  do  we  find  them  there.  Yet  there  are  many 
richly  fossiliferous  conglomerates,  such  as  those  of  the 
Silurian  rocks  of  Penwhapple  Glen  in  Ayrshire,  and  of  the 
Upper  Old  Red  Sandstone  in  several  parts  of  Scotland. 
Argillaceous  rocks  are  commonly  better  grounds  for 
fossil-hunting  than  sandstones,  and  limestones  are  bet- 
ter than  either.  The  shaly  bands  however  which  lie 
above  a  limestone  are  often  more  prolific  than  the 
limestone  itself,  as  the  fossils  can  be  extracted  entire 
from  the  soft,  surrounding  matrix. 

The  inspection  of  a  well-arranged  series  of  fossils  in  a 
museum,  all  cleaned  and  neatly  labelled,  affords  but  small 
assistance  in  the  practical  work  of  finding  the  fossils  in 
the  rocks.  The  learner  must  betake  himself  to  the  localities 
from  which  he  knows  that  fossils  have  already  been 
obtained ;  or  if  it  is  a  district  not  yet  explored  for  fossils, 
he  must  carefully  note  first  of  all  the  characters  of 
the  rocks.  He  will  discover  after  some  practice  that 
it  is  not  luck,  but  skill  and  good  eyesight,  which  make 
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the  successful  collector.  Two  observers  may  go  over 
the  same  ground ;  one  of  them  diligently  applies  his 
hammer,  breaks  up  innumerable  blocks  of  limestone, 
finds  not  a  single  recognisable  trace  of  a  fossil,  and 
pronouncing  the  rock  to  be  unfossiliferous,  passes  on ;  the 
other,  perceiving  the  calcareous  nature  of  the  stone, 
and  therefore  its  possibly  fossil  iferous  character,  puts  his 
hammer  in  his  belt,  and  betakes  himself  at  once  to  the 


FIG.  14. — Fossils  standing  in  relief  on  a  weatnered  surface  of  limestone. 

weathered  blocks.  He  knows,  as  every  one  soon  does  who 
attends  to  the  subject,  that  in  many  cases  a  rock,  which 
is  really  highly  fossiliferous,  may  not  appear  to  be  so  on  a 
fresh  fracture,  where  the  whole  texture  of  the  stone  may 
be  uniformly  crystalline.  But  when  exposed  to  the  slow 
corrosive  influence  of  the  weather,  the  difference  between 
the  molecular  arrangement  of  the  calcareous  matter  in  the 
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organic  remains  and  in  the  surrounding  matrix  begins  to 
appear.  Shells,  corals,  and  crinoids  stand  out  in  relief 
on  the  weathered  stone,  showing  even  some  of  their  most 
delicate  sculpturing,  while  the  surrounding  limestone  has 
been  slowly  dissolved  and  removed.  In  this  way  a  rock 
which  may  have  been  supposed  to  be  unfossiliferous  by 
one  observer  is  shown  by  another  of  greater  training  to 
be  full  of  fossils.  Old  walls  and  buildings,  the  refuse 
heaps  of  old  quarries,  the  angular  blocks  strewn  at  the 
base  of  a  cliff — in  short,  all  surfaces  of  rock  which  have 
been  lying  exposed  for  a  long  while  to  the  gentle  influ- 
ences of  the  air,  ,rain,  and  frosts,  may  be  made  to  yield 
their  evidence  as  to  the  fossils  in  the  rocks  of  a  district. 

There  are  five  important  purposes  to  which  the  geo- 
logist can  apply  the  fossils  he  may  encounter  among  the 
rocks  :  first,  to  throw  light  upon  revolutions  in  climate  ; 
second,  to  restore  former  conditions  of  geography ;  third, 
to  detect  former  movements  in  the  crust  of  the  earth ; 
fourth,  to  afford  horizons  which  serve  to  unravel  geo- 
logical structure ;  and  fifth,  to  fix  the  relative  geological 
date  of  rocks. 

i.  Climate. — Within  certain  limits,  fossils  may  be  em- 
ployed to  show  under  what  conditions  of  climate  the 
geological  formations  of  bygone  ages  were  accumulated. 
We  know,  for  example,  that  in  the  older  tertiary  periods 
in  Europe  the  temperature  must  have  been  considerably 
higher  than  it  is  now,  for  in  strata  of  that  age  we  find 
among  the  fossil  plants,  forms  of  palm,  custard-apple, 
laurel,  fig,  and  numerous  conifers ;  together  with 
remains  of  turtles,  crocodiles,  sea-snakes,  tapir-like  pachy- 
derms, and  many  mollusca  belonging  to  genera  now 
living  in  warmer  seas  than  those  of  Western  and  North- 
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western  Europe.  On  the  other  hand,  it  can  be  shown 
that  the  general  climate  of  Central  and  Northern  Europe 
at  a  later  time  became  quite  arctic  in  character,  for  the 
remains  of  the  reindeer  and  the  musk-ox  occur  in 
superficial  formations  even  far  south  in  France ;  bones 
of  the  arctic  lemming,  mammoth,  woolly  rhinoceros, 
and  other  northern  mammalia,  mark  the  cave-deposits 
and  other  surface  accumulations  in  the  South  of  England ; 
shells  now  extinct  in  our  littoral  waters,  but  still  living  in 
those  of  northern  seas,  abound  in  the  clays  which  fringe 
the  coasts  of  the  West  of  Scotland. 

It  must  be  borne  in  mind,  however,  that  the  argument 
from  organic  remains  may  be  pushed  too  far.  When  we 
are  dealing  with  species  no  longer  living,  we  need  an 
accumulation  of  evidence  to  warrant  any  deduction  from 
them  as  to  climate.  Two  species  of  the  same  genus  may 
flourish  under  very  different  conditions  of  climate,  as  we 
may  see  from  the  fact  that  the  Elephas  primigenius  or 
mammoth  was  a  thick-furred  northern  form,  though 
his  modern  representatives  inhabit  intertropical  latitudes. 
Hence  it  is  not  by  one  species,  but  by  the  whole  assem- 
blage of  the  plants  and  animals,  or  what  is  called  the 
fossil  flora  and  fauna,  of  a  formation,  that  the  climate  in 
which  the  organisms  lived  must  be  judged.  The  further 
removed  the  fossils  are  from  us  in  time,  the  more  do 
they  differ  from  living  forms,  and  the  less  reliable  are 
they  as  witnesses  to  climate. 

2.  Geographical  Conditions. — In  most  cases  it  is  only 
from  the  character  of  the  included  organic  remains  that 
the  conditions  under  which  stratified  deposits  were  laid 
down  can  be  determined.  By  the  evidence  of  fossils 
we  may  confidently  identify  former  land-surfaces,  lake- 
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bottoms,  and  sea-bottoms,  (i)  Land -surfaces  are  re- 
vealed to  us  by  layers  of  terrestrial  vegetation  resting 
upon  what  must  once  have  been  soil,  and  which  still 
contains  the  roots  of  the  plants  that  grew  upon  it. 
Stumps  of  trees  in  their  position  of  growth,  with,  it  may 
be,  their  fruits  and  leaves  lying  around,  and  even  an 
occasional  wing-case  of  a  beetle,  or  the  remains  of  a 
lizard  or  land-snail,  furnish  unimpeachable  proof  that 
the  localities  where  they  occur  were  once  tree-covered 
tracts  of  ground.  Hence  the  occurrence  of  such  a 


FIG.  15. — Ripple  marks  in  sandstone, 

terrestrial  layer  in  a  group  of  strata  proves  that  during 
their  deposition  a  pause  ensued,  and  their  site  became 
land.  Traces  of  ancient  shores,  or  at  least  of  shallow 
water,  are  often  preserved  in  ripple-marked  surfaces  of 
sandstones  (Fig.  15)  on  which  the  trails  or  burrows  of 
annelides  may  now  and  then  be  observed.  If  rain-prints 
(Fig.  1 6)  are  associated  with  rippled  surfaces,  they  con- 
clusively prove  the  sediment  to  have  accumulated  on 
a  shore.  Further  evidence  of  the  occasional  exposure 
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of  the  deposits  to  air  and  sun  is  yielded  by  the  desic- 
cation-cracks so  commonly  found  among  sand-stones 
(Fig.  17) ;  while  now  and  then,  footprints  of  birds  and 
different  quadrupeds,  impressed  on  the  soft  sand,  com- 
plete the  picture  of  quiet  shore-conditions  of  deposit. 
(2)  Lacustrine  shells  and  cyprid  cases  point  to  former 
lakes.  A  layer  of  white  marl  full  of  decaying  forms  of 
lymnea,  planorbis,  &c.  may  often  be  found  below  the 
grassy  surface  of  a  flat  meadow.  Such  a  layer  as  certainly 
demonstrates  that  the  meadow  was  once  a  lake,  as  if  we 


FIG.  16. — Rain  prints  on  sandstone. 

had  documentary  evidence  to  prove  that  such  had  been 
the  condition  of  the  place  within  the  last  few  generations. 
(3)  Corals,  and  other  zoophytes,  mollusca  of  such  genera 
as  /ingula,  cyprina,  buccinum,  and  rissoa,  fishes  of,  for 
example,  the  ray  and  shark  tribes,  point  to  marine  condi- 
tions of  life.  The  conclusion  that  any  particular  stratum 
must  have  been  laid  down  on  the  sea-floor  might  not  be 
warranted  were  it  made  to  rest  on  merely  a  single  fossil ; 
butwhen  the  whole  character  or  fades  of  the  fossilsof  a  rock 
is  of  a  marine  type,  we  may  confidently  infer  that  the  rock 
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was  deposited  on  the  bed  of  the  sea.  Certain  forms  of 
life  have  had  a  remarkable  persistence  in  the  ocean. 
Some  of  the  living  brachiopods,  for  example,  are  closely 


FIG.  17. — Sun-cracked  surface  of  red  sandstone  marked  with  footprints, 
Hildburghausen,  Saxony. 

similar  to  those  even  of  very  early  geological  periods. 
These  persistent  forms,  though  they  do  not  absolutely 
prove,  yet  give  strong  grounds  for  believing  that,  as  they 
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are  all  marine  forms  now,  so  they  must  have  been  marine 
from  the  beginning.  And  when  they  are  found  associa- 
ated  with  other  forms  belonging  to  recognisable  marine 
types,  the  inference  cannot  be  resisted. 

3.  Terrestrial  Movements. — The  importance  of  organic 
remains  as  witnesses  of  movements  of  the  earth's  crust 
depends  upon  the  limitation  of  the  organisms  when 
living  to  their  own  conditions  of  existence.  A  group 
of  living  sea-shells  cannot  be  found  in  an  inland  lake, 
nor  will  a  living  terrestrial  vegetation  be  dredged  up  from 
the  sea-floor.  If,  therefore,  marine  forms  of  life  must  be 


FIG.  18. — Limestone  bared  by  lithodomous  shells. 

taken  as  evidence  of  the  presence  of  the  sea  and  terres- 
trial forms  as  proofs  of  land,  we  are  furnished  thereby 
with  an  easily  applicable  and  reliable  test  of  change  of 
level  between  sea  and  land,  and  a  measure  of  its 
minimum  amount.  A  natural  terrace  of  sand  and 
gravel,  full  of  littoral  shells,  and  extending  along  a 
coast-line  at  a  height  of  100  feet  above  the  present 
sea-level,  shows  that  sea  and  land  must  have  shifted 
relatively  to  each  other  to  the  extent  of  at  least  100 
feet.  It  is  generally  agreed  that  in  such  changes  of 
level  it  is  the  land,  and  not  the  level  of  the  sea,  which 
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moves  up  or  down.  We  say,  therefore,  that  the  ter- 
race marks  an  upheaval  of  the  coast  to  the  extent  of 
100  feet.  Barnacles  adhering  to  rocks,  and  living  shells 
(Fig.  1 8)  which  have  perforated  them,  furnish  equally  satis- 
factory proofs  of  a  rise  of  the  land.  On  the  other  hand, 
a  submergence  may  be  demonstrated  to  have  taken  place 
when  a  terrestrial  surface,  with  its  tree-stumps  in  situ, 
ohl  soil  and  sylvan  leaf-mould,  is  found  below  high- 
water  mark.  The  trees  must  have  grown  above  the 


FIG.  19.  —  Section  of  a  buried  land-surface  (De  la  Beche).  ee.  rocks  underneath  ; 
(id,  old  vegetable  soil  ;  aa,  stumps  of  trees  still  erect  in  position  of  growth  ; 
b.  prostrate  tree-trunk  ;  cc.  horns  of  oxen  and  deer.  The  whole  buried  under 
silt  and  modern  soil,  /. 


limit  of  ordinary  tidal  action,  so  that  the  amount  of 
depression  must  always  more  or  less  exceed  the  ver- 
tical distance  between  the  line  of  the  submerged  trees 
and  the  upper  edge  of  the  beach. 

Among  the  geological  formations  which  form  the  vi- 
sible part  of  the  earth's  crust,  it  is  sometimes  possible  to 
obtain  instructive  sections  wherein  successive  terrestrial 
movements  and  conditions  of  physical  geography  are 
well  illustrated.  A  good  example  occurs  in  Joppa  Quarry, 
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near  Edinburgh.  It  will  be  seen  from  the  accompanying 
section  (Fig.  20)  that  five  seams  of  coal  occur,  each  repre- 
senting a  terrestrial  surface,  or  at  least  an  aquatic  floor 
whereon  grew  a  vegetation  with  its  roots  in  the  water 
and  its  branches  in  the  air.  There  must  have  been 
a  progressive  subsidence  until  the  first  formed  coal- 
seam  had  been  buried  under  many  feet  of  sand  and  mud 


FIG. 20. — Section  of  inclined  Carboniferous  rocks,  Joppa  Quarry,  near  Edinburgh. 
a,  coal  seams :  b,  limestone  with  marine  organisms.  The  dotted  bands  are 
sandstones,  the  shaded  are  shales  and  clays. 

which  inclosed  also  the  remains  of  other  similar  terres- 
trial surfaces.  At  last,  by  a  more  prolonged  submerg- 
ence and  the  clearing  of  the  water,  marine  forms  of  life, 
zoophytes,  encrinites,  and  molluscs,  made  their  way  into 
the  area,  and  flourished  so  long  as  to  form  a  bed  of  lime- 
stone about  three  feet  thick.  Subsequently  the  sediment 
returned,  and  as  the  water  was  filled  up,  new  coal-growths 
sprang  up  as  before. 

The  observer  will  find  it  sometimes  possible,  by  means 
of  fossil  evidence,  to  prove  that  strata,  apparently  in  their 
natural  order,  have  really  been  turned  upside  down,  so 
that  what  seems  the  top  of  each  stratum  is  really  the 
bottom.  This  could  be  shown  if  we  found  in  one  of 
these  strata,  a  row  of  fossils  in  their  positions  of  growth, 
but  with  their  lower  ends  uppermost.  Suppose,  for  ex- 
ample, that  one  stratum  contained  many  erect  stems  of 
trees,  and  that  in  every  case  the  roots  of  these  stems 
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branched  out  freely  at  the  upper  end  into  an  overlying 
stratum,  evidently  an  old  soil.  We  could  not,  in  such  a 
case,  come  to  any  other  conclusion  than  that  the  whole 
of  the  rocks  had  been  overturned.  Again,  instead  of  a 
series  of  land-plants,  imagine  a  number  of  bunches  of 
coral,  with  their  roots  still  in  the  position  of  growth, 
but  turned  up  to  the  sky.  We  could  only  explain  that 
position  by  admitting  that  the  rocks  must  have  been 
inverted. 

4.  Geological  Horizons. — Fossils  have  often  a  high  im- 
portance  in   affording  to   the   geologist  a  clue   in   his 
endeavour  to  unravel  the  geological  structure  of  a  re- 
gion.    He  may  discover,  for  example,  that  some  parti- 
cular stratum,  marked  by  the  occurrence  in  it  of  certain 
fossils,  can  be  recognised  and  traced  over  a  considerable 
breadth  of  ground.     He  follows  this  stratum,  using  it  as 
a  datum-line  from  which  to  work  out  the  arrangement  of 
the  series  both  above  and  below  it.     This  use  of  fossils 
will  be  more  evident  when  we  come  to  deal  in  a  later 
chapter  with  the  tracing  of  geological  boundaries,  and 
the  working  out  of  geological  structure. 

5.  Geological  Chronology. — To  fix  the  relative  geolo- 
gical position   of  rocks,   and  thus  to    establish  a  suc- 
cession or   chronology,   is  doubtless  the   most  import- 
ant  service  which   fossils   render    to    geology.      Mere 
resemblances   or   differences    in   mineral   character  are 
seldom  good   for  great  distances.     We   cannot  always 
be  sure,  simply  on  the  ground  of  general  petrographical 
resemblance,  that  a  group  of  strata   on  one   side  of  a 
country  is  identical  with  a  similar  set  on  the  opposite 
side.     If  they  closely  resembled  each  other  in  that  re- 
spect,  but  contained  totally  distinct  fossils,  we  should 

«,    2 
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generally  conclude,  in  spite  of  their  outward  similarity, 
that  they  could  not  be  identified  with  each  other, 
but  must  belong  to  different  periods  of  geological 
time.  Each  great  stratified  formation  of  the  earth's 
crust  is  distinguished  by  its  own  characteristic  fossils. 
A  method  is  thus  obtainable  of  recognising  the  relative 
geological  date  of  fossiliferous  rocks.  To  determine 
and  name  fossils  is  the  task  of  the  palaeontologist. 
As  a  rule  the  field-geologist  can  do  this  only  to  a  limited 
extent,  though  the  greater  his  power  in  this  res  pect  the 
more  valuable  his  services  in  the  field.  Part  of  his  train- 
ing, however,  should  consist  in  the  study  of  as  good  a 
series  of  typical  fossils  as  he  can  consult.  He  ought 
to  familiarise  his  eye  with  the  leading  genera  and  more 
characteristic  species  of  each  geological  system  and  for- 
mation. Knowledge  of  this  kind,  so  portable  when 
carried  in  the  head  ready  for  use,  so  bulky  and  difficult 
to  transport  and  use  when  contained  in  many  learned 
volumes,  enables  him  to  decide  for  himself  as  to  the 
geological  horizon  of  the  formations.  Should  he  be  in 
doubt  about  the  determination  of  his  fossils,  he  must 
submit  them  to  an  expert  in  the  subject. 

For  many  purposes  of  field-geology  it  is  not  absolutely 
necessary,  though  it  may  be  very  desirable,  that  we  should 
know  the  names  and  the  zoological  or  botanical  grade  of 
the  fossils.  What  we  need  to  know  in  the  field  is  that  cer- 
tain organic  remains,  whatever  be  their  nature  or  names, 
occur  in  particular  beds  of  rock.  We  should  be  able  to 
recognise  them  and  use  them  as  indices  to  mark  out  the 
strata,  and  thus  to  fix  our  geological  horizon.  William 
Smith,  by  whom  this  stratigraphical  use  of  fossils  was  origi- 
nally taught,  knew  little  of  the  nomenclature  or  natural 


vii.]        THE  NATURE  AND  USE  OF  FOSSILS.  85 

history  of  the  fossils  he  dealt  with.  But  he  learnt  to  recog- 
nise them,  and  to  judge  accurately  of  their  position  in  the 
geological  series,  and  he  made  as  admirable  use  of  them 
in  tracing  the  outlines  of  the  development  of  the  Second- 
ary rocks  across  England  as  if  he  had  been  able  to  name 
and  describe  each  species.  Geology  has  made  vast  strides 
since  his  time.  Though  the  field-geologist  may  use  the  fos- 
sils without  any  scientific  knowledge  of  them,  the  sooner 
he  obtains  that  knowledge  the  better  for  his  work.  The 
broad  outlines  of  William  Smith's  days  have  to  be  filled 
in  by  more  minute  and  exhaustive  work  now. 

In  fine,  the  field-geologist  will  find  in  all  quarters  of 
the  world  that  an  acquaintance  with  fossils  can  be 
turned  to  profitable  account.  It  enables  him  at  the 
outset  to  fix  more  or  less  definitely  the  relative  age 
of  the  rocks  among  which  he  is  engaged  and  thus 
affords  means  of  comparison  with  the  corresponding 
rocks  of  other  countries.  Where  his  labours  are  of 
no  ambitious  kind,  but  where  he  works  for  the  quiet 
pleasure  and  open-air  life  of  the  pursuit,  the  study 
of  organic  remains  affords  him  an  endless  fund  for 
delightful  meditation.  They  show  him  at  one  place 
evidence  of  an  old  sea-bottom,  in  the  strata  where  marine 
remains  are  crowded  together.  At  another  locality  they 
bring  before  him,  in  fresh-water  shells  and  other  forms, 
the  traces  of  long-vanished  lakes  and  rivers.  At  a  third 
spot  they  reveal,  by  successive  layers  of  compressed  vege- 
tation and  hardened  loam,  the  gradual  depression  and 
submergence  of  old  forest-covered  lands.  In  such  cases 
they  suggest  the  lines  along  which  his  further  search 
should  be  prosecuted  for  additional  corroborative  testi- 
mony as  to  the  ancient  aspects  of  the  district  in  which 
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he  is  at  work.  The  land-plants,  for  example,  lead  him 
to  look  for  fresh-water  forms  of  life,  for  sun-cracked  and 
rain-pitted  surfaces  of  rock;  while  the  occurrence  of 
marine  forms  of  life  prompts  to  search  for  other  proofs 
of  the  ancient  encroachments  of  the  sea. 


CHAPTER  VIII. 

THE  TRACING   OF   GEOLOGICAL   BOUNDARY- LINES. 

WHETHER  or  not  the  observer  sets  about  the  construction 
of  a  map,  he  can  form  but  a  limited  notion  of  the  geology 
of  a  country  if  he  confines  his  attention  merely  to  a  few 
quarries  or  lines  of  natural  section.  Having  learned  in 
such  openings  what  is  the  nature  and  order  of  succession 
of  the  rocks,  he  ought  to  try  to  follow  them  out,  from 
where  they  are  clearly  seen  into  other  parts  of  the 
country,  and  in  so  doing,  endeavour  to  note  as  he  goes 
any  variation  in  character  which  they  may  present,  and 
every  feature  which  serves  to  indicate  what  must  be  the 
disposition  of  the  rocks  below. 

A  very  short  experience  of  geological  work  in  the 
field  suffices  to  show  the  observer  that  over  wide  spaces 
he  cannot  actually  see  what  rock  lies  beneath  him.  He 
may  get  an  admirable  section  laid  bare  in  some  ravine  or 
brook,  or  by  the  shore  of  the  sea :  but  beyond  the  limits 
of  this  section  the  ground  may  be  deeply  buried  under 
vegetation,  soil,  sand,  gravel,  clay,  or  other  superficial 
formation,  and  no  other  section  may  occur  for  an  interval 
of,  it  may  b2,  several  miles.  Yet  he  must  form  some 
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conclusion  as  to  the  nature  of  the  rocks  between  these 
places. 

In  cases  of  this  kind  information  may  often  be  obtained 
from  an  examination  of  the  soil.  What  we  call  vegetable 
soil  is  merely  the  upper  stratum  of  decayed  rock  mixed 
with  vegetable  and  animal  remains.  (Fig.  21.)  It  com- 
monly betrays  its  origin  by  the  still  undecomposed  frag- 
ments of  stone  mixed  through  its  mass.  In  one  tract,  for 
instance,  we  may  find  it  full  of  pieces  of  sandstone,  to 


FIG    2i.— Section  to  show  the  superficial  covering  of  soil  (i),  «ubsoil  (2)  derived 
from  the  disintegration  of  the  underlying  rock  (3). 

the  exclusion  perhaps  of  every  other  kind  of  rock.  If 
the  land  has  been  under  cultivation,  the  sandstone  may 
be  in  large  pieces,  where  it  has  been  turned  up  by  the 
plough.  We  should  there  infer  with  some  confidence  that 
sandstone  lay  underneath  in  situ.  If  again  the  soil  were 
a  stiff  red  loam  or  clay,  with  few  or  no  stones,  it  would 
indicate  the  existence  of  some  red  marl  or  clay  imme- 
diately underneath.  A  sandy  soil  full  of  well-rounded, 
water-worn  stones,  would  show  the  presence  of  some 
gravelly  deposit  below.  A  calcareous  soil  full  of  blocks 
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of  flint  would  probably  indicate  the  existence  of  chalk. 
A  stiff  argillaceous  soil,  abounding  in  smoothed  stones, 
many  of  them  well-striated,  would  prove  that  a  boulder- 
clay  or  till  lay  below.  A  profusion  of  fragments  of  some 
peculiar  rock,  a  basalt,  for  example,  or  a  diorite,  or  a 
porphyrite,  extending  in  a  definite  band  across  a  field 
or  hill-side,  would  probably  show  us  that  a  rock  of  that 
character  existed,  in  situ,  somewhere  in  the  immediate 
neighbourhood  of  the  fragments.  We  require,  of  course, 
in  all  these  cases,  to  go  carefully  over  the  ground,  and 
draw  our  conclusion  only  after  we  have  exhausted  all  the 
evidence  procurable. 

But  it  may  be  remarked  that,  except  on  freshly-ploughed 
land,  the  soil  is  not  bare  and  exposed  to  our  scrutiny ; 
that,  on  the  contrary,  it  is  commonly  just  as  much  con- 
cealed by  its  coating  of  vegetation  as  the  hard  rocks  are  by 
their  covering  of  soil.  Even  under  the  most  unfavourable 
circumstances,  however,  the  geologist  may  often  be  able 
to  learn  not  a  little  of  the  information  he  needs.  Where 
the  ground  has  a  slope  he  will  probably  have  no  great 
trouble  in  finding  some  little  rut  or  trench  which  has 
been  cut,  or  at  least  deepened,  by  rain,  ar-d  where  he 
will  obtain  access  to  the  underlying  soil,  or  even,  it  may 
be,  to  the  subsoil  and  the  still  undecomposed  rock  below 
it.  Where,  on  the  other  hand,  the  ground  is  too  flat  to 
hope  for  assistance  from  rain-action,  he  will  look  for 
traces  of  burrowing  animals,  by  which  the  soil  may  have 
been  thrown  up  to  the  surface.  In  Britain  the  common 
earth-worm,  the  mole,  and  the  rabbit,  are  excellent 
coadjutors  in  his  work.  The  fine  castings  of  the  earth- 
worm give  him  at  least  the  colour  and  general  constitution 
of  the  soil,  whether  sandy  or  clayey.  The  heaps  of  the 
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mole  include  the  smaller  stones  in  the  soil,  and  permit 
an  inference  to  be  drawn  as  to  the  probable  nature  of 
the  materials  from  the  decomposition  of  which  the  soil 
has  been  formed.  The  extensive  excavations  of  the 
rabbit  lay  bare  not  only  the  constitution  of  the  soil,  but 
often  also  the  angular  debris  which  rests  immediately 
upon  the  solid  rock. 

From  vegetation,  also,  the  field-geologist  learns  to 
draw  many  a  shrewd  inference  as  to  the  character  of  the 
soil  and  rock  below.  A  spring,  or  line  of  springs,  indi- 
cative of  some  geological  boundary  line  such  as  the 


FIG,  22. — Section  of  a  valley  showing  the  outcrop  of  a  junction  of  sandstone 
and  shale  marked  by  a  line  of  springs,  s,  s. 


junction  of  a  harder  or  softer  stratum  (Fig.  22),  or  a 
line  of  fracture  (Fig.  34),  will  reveal  itself  by  marshy 
ground  or  by  a  brighter  green  along  a  hill  slope.  The 
course  of  a  limestone  band  or  a  basalt  dyke  may  be 
followed,  by  the  peculiar  verdure  of  its  vegetable  covering, 
across  a  moorland  where  little  or  no  solid  rock  may  be 
seen.  A  ridge  of  serpentine  stands  up  bare  and  rough, 
affording  at  best  but  an  unkindly  soil  for  plant-growth. 
Trees,  too,  change  with  the  varying  character  of  the 
rocks  on  which  they  grow.  Each  country  presents  its 
own  illustrations  of  these  relations,  which  must  be 
gradually  learnt  and  made  to  give  their  assistance  to  the 
observer's  progress. 

In  judging  of  the  probable   character  of  the   rocks 
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underneath  from  the  nature  of  the  overlying  soil,  the 
geologist  will,  of  course,  be  guided  by  the  local  circum- 
stances in  every  case.  For  example,  if  the  surface  of 
the  ground  should  present  many  rounded  pebbles  and 
boulders,  he  will  not  at  once  conclude  that  these  frag- 
ments have  been  derived  from  the  rock  in  situ  below. 
Their  rounded  forms  will  rather  raise  a  suspicion  'that 
they  have  been  transported,  and  should  many  of  them 
plainly  show  the  characteristic  smoothed  surface  of  water- 
worn  stones,  they  will  be  set  down  as  derived  immediately 
from  some  adjacent  bed  of  gravel  or  conglomerate.  The 
mere  fact  of  a  great  variety  of  rounded  rock-fragments 
occurring  over  the  surface  at  any  locality,  suggests  a  mass 
of  transported  material,  rather  than  the  decomposition 
of  the  solid  rocks  underneath. 

On  the  other  hand,  the  occurrence  of  abundant  angular 
fragments  of  rock  on  the  surface,  at  once  arrests  attention, 
as  indicative  of  the  vicinity  of  that  rock  in  situ.  The 
observer  traverses  the  ground  in  all  directions  in  search 
of  any  projecting  knob  of  the  actual  rock  itself.  Failing 
to  find  it,  he  notes  the  position  of  these  angular  chips, 
and  tries  whether  they  can  be  traced  further,  so  as  to 
indicate  by  their  distribution  at  the  surface  the  probable 
trend  of  the  solid  rock  underneath.  In  ascending  a  hill- 
side so  covered  with  trains  of  detritus  or  vegetation  that 
no  rock  can  be  seen  in  place,  the  geologist  may  learn 
much  regarding  the  concealed  rocks  by  examining  the 
debris.  He  knows  that  the  fragments  of  stone  have  all 
rolled  down,  and  not  up.  When,  therefore,  in  his  ascent, 
he  observes  that  the  angular  chips  of  some  particular 
rock,  abundant  enough  below,  no  longer  appear,  he  sur- 
mises that  he  must  have  crossed  the  limits  of  the  solid 
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rock  which  furnished  the  fragments.  If  in  the  course  of 
subsequent  examination  he  discovers  that  those  fragments 
disappear  about  the  same  line  all  along  the  hill,  he  may 
regard  his  first  surmise  as  probably  correct,  and  draw  a 
boundary  line  accordingly,  even  although  he  may  never 
have  seen  the  actual  rock  itself  in  situ. 

Again,  in  the  ascent  of  streams  similar  close  observa- 
tion and  sagacious  inference  will  often  go  far  to  supply 
the  place  of  actual  sections  of  rock.  The  use  of  the 
evidence  in  these  cases,  however,  requires  still  more 
caution  than  on  the  bare  hill-side,  because  the  tendency 
of  running  water  is  to  round  the  rock  fragments  exposed 
to  it,  and  hence  in  the  channel  of  a  brook  or  river,  it  may 
not  be  always  possible  to  distinguish  between  the  pebbles 
which  came  as  angular  fragments  from  neighbouring  solid 
rocks,  and  have  been  rounded  by  the  attrition  of  the 
brook  or  river  itself,  and  those  which,  derived  from  some 
old  gravel,  were  already  rounded  and  water-worn  before 
they  tumbled  into  the  channel.  A  great  abundance  of 
fragments  of  one  particular  variety  of  rock,  however, 
would  suggest  that  they  had  not  been  washed  out  of 
some  gravel  bed,  but  had  been  derived  from  the  waste 
of  a  solid  rock  lying  somewhat  further  up  in  the  drainage 
basin  of  the  stream.  In  such  a  case,  moreover,  the 
proportion  of  these  fragments  in  the  channel  would 
probably  be  found  to  increase  as  the  stream  was  traced 
upwards.  Perhaps  they  might  be  observed,  too,  to 
become  larger  in  size  and  less  water-worn  the  further 
they  were  followed  up  the  stream.  If  they  should 
suddenly  cease,  the  observer  should  at  once  note  the 
fact,  as  possibly  indicating  that  the  rock  did  not  occur 
higher  up,  but  had  its  upper  limit  somewhere  near  the 
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point  where  the  fragments  in  the  stream  disappeared. 
While  these  particular  rock-chips  ceased,  others  of  some 
different  rock  might  be  found  to  increase  in  number,  and 
another  zone  of  rock  might  be  shown  and  traced  in  a 
similar  way. 

In  nothing  is  the  highest  type  of  a  field-geologist  better 
displayed  than  in  the  exhaustiveness  and  sagacity  with 
which,  in  the  absence  of  all  other  evidence,  these  various 
little  indications  of  the  geology  of  a  district  are  sought 
for,  found,  and  marshalled  in  their  proper  places,  so  as 
to  bear  witness  to  the  distribution  and  probable  structure 
of  the  rocks.  Such  an  observer  would  be  able  in  many 
cases  to  trace  lines,  with  a  near  approach  to  accuracy, 
over  ground  which  a  less  skilled  student  would  pronounce 
to  be  a  blank. 

It  must  often  happen,  however,  that  the  ground  is  so 
obscured  by  superficial  accumulations,  such  as  vegetation, 
soil,  gravel,  and  clay,  that  no  indication  whatever  can  for 
considerable  intervals  be  found  as  to  the  nature  of  the 
solid  rocks  underneath.  Under  these  circumstances  the 
geologist,  when  no  boring  or  mining  operations  are  at 
his  service,  must  do  the  best  he  can,  by  examining  all 
the  surrounding  ground,  to  determine  what  lies  below  the 
concealed  area.  And  in  the  great  majority  of  cases  he 
can  form  a  tolerably  correct  surmise  as  to  the  general 
nature  and  disposition  of  the  rocks.  To  do  this  requires 
some  knowledge  of  geological  structure,  which  we  shall 
consider  in  the  following  chapter. 


CHAPTER  IX. 

THE   UNRAVELLING   OF   GEOLOGICAL  STRUCTURE. — DIP, 
STRIKE,    OUTCROP. 

IF  we  could  only  recognise  the  rocks,  where  actually  seen, 
but  form  no  satisfactory  conclusion  regarding  their  distri- 
bution under  a  concealing  mantle  of  vegetation  or  super- 
ficial detritus  ;  if  we  could  tell  the  arrangement  and 
measure  the  thickness  of  strata  only  at  the  surface,  but 
offer  no  opinion  as  to  the  prolongation  of  these  strata 
underground,  we  should  never  know  much  about  the 
crust  of  the  earth,  and  certainly  could  do  comparatively 
little  to  advance  geological  inquiry.  Fortunately  it  is 
not  only  possible  but  comparatively  easy  to  pronounce 
upon  the  subterranean  arrangement  of  rocks  from  in- 
dications obtainable  at  the  surface.  We  seldom  need  to 
bore  or  dig.  It  is  usually  enough  ff  we  can  avail  our- 
selves of  the  surface  evidence,  and  gain  from  it  inform- 
ation respecting  the  probable  arrangement  of  the  rocks 
below,  or  in  other  words,  the  geological  structure  of 
the  ground.  How  this  is  done,  let  us  now  proceed  to 
consider. 

Horizontal.  Strata. —  Outcrop. — In  a  region  where  the 
rocks  are  all  horizontal,  only  the  uppermost  stratum  may 
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be  seen,  in  which  case  an  example  of  extreme  simplicity 
of  structure  would  result.  There  would  then  be  no  out- 
crop or  exposed  edge  of  any  stratum  to  be  traced,  unless 
the  surface  of  the  ground  should  be  so  uneven  as  to  ex- 
pose the  edges  of  lower  strata.  Except  in  tracts  of  low 
alluvium,  however,  horizontal  strata  have  usually  been 
more  or  less  trenched  by  valleys  and  ravines,  so  that 
sections  are  laid  bare  of  the  underlying  beds,  while  the 
surface  of  the  country  seldom  rigidly  corresponds  with 
the  surface  of  a  stratum,  but  has  been  worn  across  it,  so 
as  here  and  there  to  leave  "  outliers  "  or  outstanding  por- 
tions of  this  upper  stratum,  and  to  lay  bare  the  strata 
below.  Where  this  has  taken  place  in  bare  hilly  land, 
with  abundance  of  exposures  of  the  rocks,  although  the 
geological  structure  is  still  of  the  simplest  possible  kind, 
considerable  practice  and  skill  may  be  needed  to  follow 
the  exposed  edges  or  outcrops  of  the  strata,  and  to  de- 
lineate them  accurately,  and  at  the  same  time  artistically, 
upon  a  map.  The  accompanying  drawings  (Fig.  23) 
may  serve  to  illustrate  how  very  tortuous  the  outcrops 
of  perfectly  horizontal  beds  may  be,  should  the  ground 
be  much  varied  in  outline,  and  especially  by  the  occur- 
rence of  wide  and  deep  valleys.  In  the  uppermost  map 
(A)  a  representation  is  given  of  horizontal  rocks  deeply 
trenched  by  valleys  and  ravines.  In  the  lower  map  (B) 
the  inequalities  of  the  ground  are  much  less,  yet  even  in 
such  a  gently  undulating  district  the  outcrops  of  hori- 
zontal strata  may  evidently  run  in  remarkably  sinuous 
lines. 

I  have  used  the  word  artistic  with  reference  to  the 
tracing  of  geological  boundary-lines,  and  have  done  so 
advisedly.  Where  the  rocks  are  all  visible,  the  observer 
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has  only  to  follow  nature,  and  the  more  faithfully  he  does 
so,  the  more  graceful  will  his  lines  probably  be.  The 
curves  produced  by  denudation,  though  often  complex, 


FIG.  23. — Sinuous  outcrops  of  horizontal  strata  depending  on  inequalities  of 
surface. 

are  never  awkward  and  inharmonious.  Where  the  rocks 
are  not  seen,  and  where  therefore  the  position  of  the 
boundary-lines  must  be  inferred,  the  surveyor  will  follow 
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the  analogies  of  his  district  and  run  his  boundaries  with 
the  same  kind  of  flowing  lines  which  he  sees  them  to 
possess  where  they  can  be  actually  examined.  Two  men 
may  map  the  same  piece  of  ground  quite  correctly  as 
regards  its  general  structure,  but  the  map  of  the  one  will 
show  by  the  complexity  of  its  lines  and  the  fidelity  with 
which  they  follow  the  varieties  of  the  surface  configura- 
tion, how  faithfully  and  skilfully  the  work  has  been  done  ; 
while  the  map  of  the  other  will  indicate  that  its  author, 
though  marking  correctly  the  general  structure,  has  failed 
to  recognise,  or,  at  least,  to  express  the  relations  of  that 
structure  to  external  form.  The  former  map  will  in  most 
cases  be  a  far  more  artistic  as  well  as  accurate  produc- 
tion than  the  latter.  Not  only  in  such  simple  work  as 
the  tracing  of  horizontal  strata,  but  in  all  the  details  of 
geological  map-making,  the  artistic  eye  and  hand  have 
scope  to  show  their  presence :  to  the  great  advantage  of 
the  maps  to  which  they  are  applied. 

Inclined  Strata. — Dip. — Instead  of  lying  quite  flat, 
however,  stratified  rocks  are  usually  inclined  to  the 
horizon.  This  inclination,  called  their  dip,  is  measured 
as  to  its  direction  by  the  compass,  as  to  its  angle  by  the 


FIG.  24. — True  dip  concealed  by  superficial  disturbance  of  the  strata. 

clinometer.  In  determining  these  points  it  is  always 
desirable  to  see  more  than  a  mere  projecting  edge  of 
rock,  for  sometimes  what  seems  to  be  the  dip  in  such  a 
case  is  deceptive.  In  Fig.  24,  for  instance,  the  rocks  are 

H 
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really  inclined  at  a  high  angle  towards  the  left  hand.  Yet 
if  seen  merely  at  the  surface  where  they  have  been  bent 
back  (by  the  slide  of  rubbish  down-hill,  or  by  a  grinding 
mass  of  ice  or  other  superficial  agent)  they  might  be 
supposed  to  be  dipping  from  left  to  right.  To  be  sure 
of  the  true  angle  and  direction,  we  must  not  be  content 


FIG.  25. — Inclined  strata  appearing  horizontal  when  exposed  at  a  right  angle 
to  the  dip. 


with  one  small  face  of  rock,  but  should  go  round  a  sec- 
tion until  we  determine  the  point  satisfactorily.  A  face 
of  rock,  for  instance,  seen  from  one  side,  as  in  Fig.  25, 
may  appear  to  be  made  of  horizontal  strata,  which  from 
another  point  of  view  are  found  to  be  considerably  in- 
clined. The  direction  of  dip  will  always  be  at  a  right 
angle  to  the  line  along  which  the  edges  of  the  inclined 
beds  appear  horizontal.  Failing,  therefore,  to  find  any 
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actual  section  along  the  true  line  of  dip,  we  should  so 
place  ourselves  as  to  have  the  exposed  edges  of  the 
strata  running  in  horizontal  bars  in  front  of  us.  We  may 
then  take  the  direction  of  dip  with  the  compass,  and 
determine  from  the  mean  of  a  number  of  observations 
taken  with  the  clinometer  on  projecting  ledges  what  must 
be  the  general  average  angle  of  dip.  The  best  measure- 
ments of  the  angle  of  dip  are  made  when  we  can  place 
ourselves  some  little  distance  in  front  of  a  face  of  rock 
which  has  been  cut  in  the  true  direction  of  dip.  We  can 
then  place  the  clinometer  in  front  of  our  eye,  and  make 
its  edge  coincide  with  the  line  of  a  particular  stratum 
many  yards  in  extent.  Thus  in  one  single  observation 
we  obviate  the  risks  of  error  where  only  small  ledges  of 
the  inclined  beds  can  be  used.  Where  the  true  dip 
cannot  be  directly  measured  we  may,  by  measuring  the 
apparent  dip  of  two  faces  of  rock  inclined  at  a  consider- 
able angle  to  each  other,  obtain  the  true  dip  by  calcu- 
lation.1 

Having  ascertained  these  particulars,  we  insert  the  in- 
formation in  our  note-book  or  map.  The  use  of  a  map 
for  the  registering  of  observations  on  geological  structure 
requires  an  amount  of  precision  which  might  not  be 
thought  needful  for  the  pages  of  a  note-book,  and  secures 
in  consequence  the  most  careful  and  exhaustive  kind  of 
field-work.  I  shall,  therefore,  suppose  in  what  I  have  to 
say  on  this  part  of  my  subject,  that  we  are  required  not 


1  Rules  are  given  for  measuring  or  calculating  the  dip.  (See 
Green>  Geology,  p.  341.)  For  almost  all  practical  purposes,  how- 
ever, a  good  field-geologist  can  get  his  angle  with  the  clinometer 
in  the  field  by  selecting,  as  he  learns  how  to  do,  his  points  of 
observation. 
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only  to  make  observations  on  geological  structure,  but  to 
formulate  them  on  paper,  and  to  construct  the  geological 
map  of  a  region. 

The  usual  sign  used  on  geological  maps  to  express  the 
dip  of  strata  is  an  arrow  pointing  in  the  direction  of  in- 
clination (the  direction  being  fou  nd  on  paper  by  help  of 
an  ordinary  protractor),  with  the  number  of  degrees  of 
angle  shown  in  figures  at  the  side  of  it.  We  place, 
therefore,  an  arrow  at  each  point  on  the  map  where 
we  ascertain  the  dip  of  strata.  A  glance  at  the  map 
(Figs.  26  &  27)  will  show  how  this  is  done.  Each  arrow 
marks  the  site  of  the  observation,  and  with  its  accom- 
panying figures  records  the  result.  Where  possible  we 
enter  beside  the  arrow  some  symbols,  or  contracted 
writing,  to  describe  the  nature  of  the  rock,  or  any  other 
particulars  which  it  seems  desirable  to  record.  Further 
detail,  where  required,  finds  its  place  in  the  note-book. 

Selection  of  Horizons — Mapping  of  Outcrop. — As  it  is 
impossible  on  any  ordinary  map  to  represent  every  bed 
of  rock,  the  geologist  must  decide  what  beds  should  be 
selected  to  be  traced  out.  This  cannot  always  be  done 
until  considerable  progress  has  been  made  with  the  work. 
The  selection  must  depend  not  merely  upon  the  geolo- 
gical or  industrial  importance  of  the  beds,  but  also,  and 
not  less  frequently,  upon  the  extent  to  which  they  are 
exposed  and  capable  of  being  followed  across  the  district. 
A  particular  stratum  of  no  special  interest  in  itself  may 
come  to  have  a  high  importance  as  a  geological  horizon 
or  platform  if  it  is  easily  recognisable,  and  from  its  thick- 
ness, hardness,  or  other  peculiarity,  stands  out  so  promi- 
nently that  it  can  be  satisfactorily  traced  from  point  to  point 
for  a  long  distance.  Such  stratigraphically  serviceable 
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bands  may  be  found  in  most  districts  of  stratified  rocks 
Great  assistance  in  the  tracing  of  horizons  is  likewise 
afforded  by  organic  remains,  as  has  been  already  pointed 
out.  A  particular  stratum,  even  when  thin  and  other- 
wise of  no  apparent  importance,  may  acquire  a  high 
value  if  it  is  charged  with  fossils,  and  can  be  recognised 
over  a  wide  area. 

The  outcrop  may  be  marked  at  any  particular  locality 
by  a  short  line  beside  the  dip-arrow,  or  if  the  outcrop  be 
a  broad  one,  by  two  lines,  one  marking  the  base,  the 
other  the  top  of  the  band.  The  space  between  two  such 
lines — in  other  words,  the  breadth  of  the  outcrop — is 
determined  by  the  thickness  of  the  bed  or  beds,  their 
angle  of  inclination,  and  the  slope  or  contour  of  the 
ground.  Among  a  series  of  vertical  strata  the  breadth 
of  the  outcrop  of  a  bed  corresponds  exactly  with  the 
true  thickness  of  that  bed.  The  more  the  angle  of 
inclination  lessens,  the  broader  does  the  outcrop  at  the 
surface  become.  Hence,  in  tracing  such  a  band  across 
a  country,  attention  must  constantly  be  given  to  the 
variations  of  angle  in  the  dip.  Where  the  dip  increases 
the  band  narrows  in  breadth ;  where  the  dip  lessens  the 
band  widens.  This  is  best  seen  on  level  or  gently  undu- 
lating ground  3  it  is  apt  to  be  less  distinctly  shown  where 
the  ground  is  very  uneven,  and  where  therefore  constant 
modifications  of  the  line  of  outcrop  are  produced,  as  we 
have  seen  to  be  the  case  with  horizontal  strata.  When 
strata  are  vertical  no  amount  of  surface  irregularity 
makes  any  difference  on  their  outcrop.  They  are  apt 
in  that  position  to  run  on  for  some  distance  with  little 
deviation  of  direction,  so  that  the  outcrop  of  one  of  them 
might  be  marked  by  a  straight  bar  or  line  (Fig.  26).  The 
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influence  of  the  form  of  the  ground  tells  more  and  more 
upon  the  outcrop  in  proportion  as  the  strata  approach 
the  horizontal. 

Strike. — The  outcrop  of  a  stratum  is  the  line  which 
that  stratum  makes  with  the  surface  of  the  ground.  This 
term  "outcrop  "is  often  spoken  of  as  if  it  were  the 
same  as  the  "strike."  The  latter  word  is  applied  to 
a  line  drawn  perpendicular  to  the  direction  of  dip.  It 
is  the  line  made  by  a  stratum  with  the  horizon,  and 
shows  the  general  or  average  direction  of  that  stratum 
across  the  country.  On  a  perfectly  level  piece  of 
ground  strike  and  outcrop  must  obviously  coincide,  and 
there  must  likewise  be  a  complete  coincidence  among 
vertical  strata.  The  more  irregular  the  surface,  and  the 
less  inclined  the  strata,  the  further  must  strike  and  out- 
crop depart  from  each  other. 

Relation  of  Strike  to  Dip. — There  is  a  further  relation 
to  be  noted  as  we  proceed,  viz. — the  constant  depend- 
ence of  the  direction  of  strike  upon  that  of  dip,  and 
the  consequent  changes  of  strike  as  the  direction  of  dip 
varies.  The  strike  is  of  course  a  mathematical  line 
cutting  the  dip  at  a  right  angle.  If  the  dip  is  east  or 
west,  the  strike  must  be  north  and  south;  if  the  dip  is 
north  or  south,  the  strike  must  be  east  and  west.  It 
must  not  be  supposed,  however,  that  the  line  of  strike  is 
always,  or  even  most  commonly,  a  straight  one.  It  can 
only  be  so  as  long  as  the  direction  of  dip  continues 
unchanged.  But  a  comparatively  brief  experience  in  the 
field  suffices  to  show  how  constantly  the  dip  of  strata 
varies,  now  to  one  side,  now  to  another,  every  such 
variation  producing  a  corresponding  change  upon  the 
line  of  strike.  Where  the  deviations  are  slight,  and  of 
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local  character,  while  the  mean  direction  of  inclination 
remains  -the  same,  we  take  that  mean  direction  as 
governing  the  strike  (as  at  band  F  in  Fig.  27).  Where, 
on  the  other  hand,  the  dip  is  to  different  points  of  the 
compass  in  succession  over  wide  spaces,  we  connect  the 
arrows  on  our  map  by  lines  (as  in  band  Gin  Fig.  27),  and 
find  that  the  strike  becomes  a  curved,  and  even,  it  may 
be,  a  very  sinuous  one. 

Difference  between  Outcrop  and  Strike. — These  two 
terms  ought  to  be  distinguished,  otherwise,  in  con- 
structing a  geological  map,  we  shall  either  lose  the  im- 
pression of  the  external  form  of  the  ground,  which  a 
correctly-traced  outcrop  so  often  vividly  conveys,  or  we 
shall  be  in  danger  of  regarding  the  dip  as  constantly 
changing,  and  the  strata,  though  perhaps  nearly  flat,  as 
extensively  disturbed.  Looking  at  any  good  geological 
map  of  England  and  Wales,  that  by  Sir  Andrew  C. 
Ramsay,  for  example,  the  reader  will  notice  that  the 
bands  of  the  Oolitic  and  Cretaceous  rocks,  while  retain- 
ing a  tolerably  persistent  strike  from  south-west  to  north 
east,  across  the  breadth  of  the  country,  present  a  most 
sinuous  and  irregular  edge.  The  direction  of  the  dip, 
and  consequently  the  trend  of  the  strike,  change  but 
little,  yet  it  will  be  observed  that  the  outcrop  is  con- 
tinually shifting  to-and-fro.  The  strata  really  follow 
each  other  in  parallel  bands.  If  we  could  plane  down 
the  whole  country  to  a  dead  level,  these  bands  would 
be  marked  by  alternate  strips  of  clays,  limestones,  and 
sandy  rocks.  But  instead  of  being  a  flat,  the  country 
undulates,  and  hence  a  series  of  gently  inclined  rocks  of 
very  various  degrees  of  durability  necessarily  gives  a 
diversified  set  of  outcrops.  No  better  illustration  could 
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be  studied  of  the  difference  between  outcrop  and  strike, 
and  of  the  marked  influence  even  of  small  ridges  and 
hollows  and  shallow  valleys  upon  the  outcrop  of  strata, 
where  the  angle  of  dip  is  low.  The  main  facts  to  be 
expressed  upon  the  map  of  such  a  tract  of  country  are, 
that  the  formations  follow  each  other  in  a  certain  order, 
and  cross  the  region  in  a  certain  direction.  Of  course  we 
might  record  these  facts  by  simply  drawing  straight 
parallel  strips  across  the  map,  each  marking  the  position 
and  relative  breadth  of  one  of  the  formations.  This 
was  the  way  in  which  the  old  geological  maps  on  a 
small  scale  were  constructed.  The  map  of  England  and 
Wales  in  Bakewell's  Geology,  even  so  late  as  the  edition 
of  1838,  may  serve  as  an  example.  But  by  such  a  style 
of  .mapping  we  entirely  lose,  as  I  have  just  said,  one  of 
the  valuable  features  of  a  geological  map — the  relation 
between  the  form  of  the  ground  and  the  nature  and  out- 
line of  the  rocks  below,  that  is,  between  scenery  and 
geological  structure.  It  may  readily  be  believed  that 
this  is  too  important  a  relation  to  be  ignored  without 
great  disadvantage  when  the  scale  of  the  map  at  all 
permits  it  to  be  expressed.  Besides,  the  omission 
deprives  the  map  of  the  chief  feature  by  which  the 
skilled  and  artistic  observer  is  distinguished  from  him 
whose  eye  and  hand  are  less  quick  to  seize  upon  and 
delineate  the  characteristic  varieties  of  form  which  geolo- 
gical boundaries  assume  as  the  surface  of  a  country 
changes  from  plain  to  hill,  and  as  the  rocks  themselves 
alter  in  thickness  and  position. 

Numerous  illustrations  of  the  applicability  of  this  prin- 
ciple will  occur  to  every  observer  in  the  field.  If,  for  ex- 
ample, he  stands  at  the  higher  margin  of  a  rocky  valley, 
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along  the  sides  of  which  inclined  beds  of  sandstone, 
limestone,  or  other  stratified  rocks  are  exposed,  dipping 
gently  down  the  valley,  he  observes  that  when  the  out- 
crop  of  each  bed  reaches  the  edge  of  the  declivity  it 
does  not  go  straight  on  to  the  corresponding  outcrop  on 
the  opposite  side.  On  the  contrary,  it  descends  the 
slope  in  a  slant  until  it  reaches  the  bottom  of  the  valley, 
when  it  turns  and  mounts  the  opposite  slope,  thus  form- 
ing a  V-shaped  indentation  on  the  general  line  of  strike 
(as  in  the  valleys  on  the  south  side  of  the  map,  Figs.  26 
and  27).  Now  the  manner  in  which  these  windings  of  the 
outcrop  of  inclined  strata  and  their  relation  to  the  form 
of  the  ground  are  expressed  upon  the  geological  map  is 
a  good  test  of  the  skill  and  delicacy  which  I  have  insisted 
upon  as  so  desirable  in  the  map-work  of  a  field-geologist. 
Many  observers  are  content  to  draw  the  lines  of  out- 
crop as  straight  bars  across  the  valleys,  thus  making 
them  coincident  with  the  strike.  On  maps  of  a  small 
scale,  indeed,  nothing  else  is  possible.  But  where  the 
scale  admits  of  it,  much  advantage  may  be  gained  by 
faithfully  depicting  the  curving  outcrops.  The  map  then 
tells  its  story  at  once,  and  brings  the  relation  between 
geological  structure  and  external  form  as  vividly  before 
the  eye  as  a  well-made  model  could  do. 

Construction  of  a  Geological  Map. — In  order  to  show 
the  application  of  the  foregoing  remarks,  two  diagrams 
(Figs.  26  and  27)  are  given.  In  Fig.  26  an  attempt 
is  made  to  convey  some  idea  of  the  way  in  which 
the  data  are  compiled  and  recorded  in  the  construc- 
tion of  a  geological  map.  The  shaded  parts  of  that 
figure  represent  what  is  actually  seen  by  the  geologist : 
over  the  blank  portions  he  is  supposed  to  have  been 
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unable  to  find  any  rock  in  situ.  Fig.  27  shows  the  map 
as  filled  in  and  completed  from  these  data.  I  shall 
have  occasion  to  make  frequent  references  to  these  maps 
in  what  follows. 

It  will  be  noticed  that  most  of  the  observations  occur 
along  the  stream-courses,  these  being  the  most  frequent 
natural  lines  of  section.  At  each  point  where  the  dip  of 
strata  has  been  taken,  an  arrow  and  number  mark  the 
direction  and  angle.  The  more  important  or  strati- 
graphically  serviceable  beds  have  their  outcrop  marked 
in  decided  lines  where  it  is  actually  seen.  When  the 
same  stratum  can  be  recognised  in  two  parallel  or  adjacent 
streams  or  valleys,  the  outcrop  may  be  drawn  across  the 
intervening  ground,  which  of  course  should  itself  be 
searched  for  traces  of  the  desired  line.  Where  there  can 
be  no  doubt  as  to  the  direction  and  position  of  the  out- 
crop, it  may  be  drawn  as  a  continuous  line  or  band. 
Where,  however,  though  it  is  known  to  occur  within 
certain  limits,  some  doubt  may  exist  as  to  its  exact 
position,  it  should  be  expressed  by  broken  or  dotted  lines. 

Establishing  a  Stratigraphical  order  of  Succession. — It 
will  be  seen  from  the  map  that  in  the  streams  at  the 
lower  part  of  the  left  side,  the  same  beds  are  recognisable, 
following  and  dipping  under  each  other  at  corresponding 
intervals.  In  other  words,  the  order  of  succession  is 
found  to  be  the  same  in  the  different  streams.  Bed  A 
after  an  interval  is  followed  by  bed  £,  bed  B  by  bed  C, 
and  so  on.  Even,  therefore,  where  a  blank  space  occurs, 
and,  owing  to  some  surface  accumulation,  a  particular 
bed  may  not  be  visible  in  one  of  the  lines  of  section, 
we  can  be  tolerably  sure  of  the  place  where,  judging 
from  the  strata  above  and  below,  it  would  be  seen  if  it 
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came  to  the  surface.  We  do  not  hesitate,  therefore,  to 
draw  dotted  lines  across  that  place  to  indicate  our  belief 
A  geological  map  is  thus  derived  partly  from  what  is 
seen,  and  partly  from  what  can  be  legitimately  inferred. 

I  would  further  direct  attention  to  the  fact  that  while 
the  order  in  which  the  beds  occur  remains  the  same  in 
all  the  streams  upon  our  map  (Figs.  26  and  27),  the  spaces 
between  them  vary  considerably.  This  difference  may 
arise  from  one  or  other  of  three  causes;  either  (i)  vari- 
ation in  angle  of  dip,  or  (2)  variation  in  thickness  of 
strata,  or  (3)  inequalities  in  the  level  of  the  ground.  We 
have  already  considered  the  effect  of  a  decrease  of  in- 
clination in  increasing  the  breadth  of  a  stratum  or  series 
of  strata  at  the  surface  of  the  ground.  It  is  further  evi- 
dent that  if  the  mass  of  strata  between  two  known  beds 
should  swell  out  or  diminish,  the  breadth  of  the  space 
between  their  respective  outcrops  must  correspondingly 
vary.  Inequalities  of  the  surface  must  likewise  influence, 
as  we  have  seen,  not  only  the  direction  of  the  outcrops, 
but  also  their  breadth.  Where,  therefore,  the  angle  of 
dip  does  not  change,  and  the  surface  of  the  ground 
presents  no  marked  inequalities,  but  where,  nevertheless, 
a  decided  widening  or  narrowing  of  the  interval  between 
two  outcrops  occurs,  we  infer  with  confidence  that  the 
intermediate  strata  must  increase  or  diminish  in  thickness. 

Estimation  of  Thickness  of  Strata. — When  the  angles 
of  dip  have  been  observed  along  a  line  perpendicular  to 
the  strike,  it  is  easy  to  calculate  what  the  thickness  of 
rock  must  be  in  any  given  interval  of  the  section,  or  to 
obtain  it  by  using  the  protractor.  This  is  most  conve- 
niently done  at  home,  where  the  observer  can  collect  his 
notes  and  protract  the  angles  he  has  taken  in  the  field. 
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It  is  useful,  however,  to  have  a  ready  means  of  estimat- 
ing thickness,  and  in  this  respect  the  following  rule, 
given  by  Mr.  Charles  Maclaren,1  will  be  found  of  service. 
If  the  breadth  of  inclined  strata  is  measured  across  their 
outcrop  at  right  angles  to  the  strike,  their  true  thickness 
will  be  equal  to  TVth  of  their  breadth  at  the  surface  for 
every  5°  of  dip.  Or  it  may  be  put  thus :  divide  60  by 
the  angle  of  dip,  and  the  fraction  is  obtained  which  ex- 
presses the  thickness.  Thus,  suppose  a  mass  of  strata 
measures  across  the  strike  1,200  feet,  and  is  uniformly 
inclined  at  an  angle  of  5°,  its  real  thickness  will  be  y^th, 
or  100  feet;  at  10°  the  thickness  will  be  ^th,  or  200 
feet;  at  15°  it  will  be  ^th,  or  300  feet;  at  20°,  |rd,  or 
400  feet  This  rule  is  very  nearly  accurate  for  inclina- 
tions up  to  45°. 

Thinning  away  of  Strata. — Overlap. — It  sometimes 
happens  that  two  lines  of  outcrop  come  together,  owing 
to  the  complete  thinning  away  of  the  intermediate  strata, 
and  the  conjoined  outcrops  may  then  be  traceable  for  a 
long  distance  without  further  change.  Instances  of  this 


FIG.  28. — Section  of  an  overlap. 


kind  sometimes  occur  among  the  coal-seams  of  coal- 
fields. The  higher  portions  of  a  series  of  strata  now 
and  then  steal  over  the  lower,  so  as  to  constitute  what  is 
termed  an  "overlap."  This  structure  cannot  always  be 

1  Maclaren's  Geology  of  Fife  and  the  Lothians,  p.  xv. 
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expressed  in  plan  upon  a  map,  but  is  made  clear  by  a 
section.  On  the  map  (Fig.  27)  the  upper  portions  of  the 
group  Em  overlaps  upon  group  D  in  the  neighbourhood 
of  the  locality  marked  O.  A  section  of  this  part  of  the 
district  would  be  as  in  Fig.  28. 

This  structure  may  frequently  be  met  with  along  the 
margins  of  formations  deposited  in  tracts  which  were 
undergoing  gradual  submergence.  As  the  land  sank, 
successive  zones  were  carried  down  beneath  the  sea, 
and  the  later  deposits  of  the  sea-floor  were  prolonged 
further  and  further  beyond  the  limits  of  the  earlier  ones. 


FIG.  29. — Overlap  and  unconformability,  Mendip  Hills  (De  la  Beche).  c,  Old 
Red  Sandstone:  b,  Lower  Limestone  Shale  \a,a.  Carboniferous  Limestone: 
d,  beach  deposits  of  Lower  Jurassic  age  passing  up  into  e  Lias  ;  f,  Sands  of 
Inferior  Oolite,  which  are  overlapped  by  g  n.  Inferior  Oolite ;  h,  I,  clay, 
and  i,  limestone  of  Fuller's  earth. 

The  accompanying  section  (Fig.  29)  shows  very  clearly 
an  overlap  among  the  Jurassic  beds,  all  of  which  lie  un- 
conformably  on  the  palaeozoic  rocks. 

Unconformability.  — In  an  overlap  the  strata  are  parts 
of  one  continuous  unbroken  series,  the  formation  of 
which  does  not  appear  to  have  been  interrupted  by  any 
great  physical  disturbance,  nor  even  in  many  cases  by 
marked  change  of  any  kind  in  the  general  conditions  of 
deposit.  But  where  the  accumulation  of  a  group  of 
rocks  has  been  succeeded  by  its  elevation,  exposure,  and 
denudation,  the  next  set  of  rocks  laid  down  upon  it 
are  said  to  lie  unconformably ;  and  this  kind  of  junction 
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is  termed  an  unconformability.  Thus  in  Fig.  29  the 
Secondary  formations  (d — /)  lie  unconformably  upon  the 
Palaeozoic  rocks  (a — c).  It  is  not  necessary  that  the  older 
rocks  should  have  been  disturbed  from  then-  original 
horizontality — they  may  have  been  equally  upraised, 
and,  after  being  exposed  to  denudation,  may  have  been 
equally  depressed  again.  It  usually  happens,  however, 
that  some  tilt  has  been  given  to  them,  and  consequently 
that  the  overlying  rocks  rest  transgressively  upon  their 
upturned  and  worn  edges. 

An  unconformable  junction  is  of  the  highest  import- 
ance in  the  geological  structure  of  a  district.  It  marks 
one  of  the  great  gaps  or  intervals  in  geological  history. 
The  observer  ought  to  spare  no  pains  to  collect  all  the 
available  data  in  every  case  where  he  has  reason  to 
suspect  the  existence  of  such  a  structure. 

An  extreme  case  presents  little  difficulty.  It  can  be 
expressed  so  clearly  upon  a  map  as  at  once  to  tell  its 
own  story.  Thus  in  Fig.  27  the  sheet  of  rock  H 
evidently  forms  a  flat  unconformable  cake  lying  upon 
inclined  and  denuded  strata.  A  section  across  this 
cake  would  disclose  an  abrupt  junction  of  the  horizon- 
tal beds  on  the  edges  of  the  steep  and  vertical  series 
But  many  cases  occur  where  the  discordance  between 
the  two  series  is  far  less  strong,  where  indeed  much 
care  and  labour  may  be  required  to  make  out  an  un- 
conformability at  all.  For  here  again,  as  in  the  case 
of  faults,  the  actual  line  of  contact  between  the  two 
groups  of  rocks  is  comparatively  seldom  seen.  We  must 
usually  infer  from  their  general  arrangement  and  their 
relations  to  each  other  whether  or  not  they  are  separated 
by  an  unconformability.  In  the  diagram  we  have  already 
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used  so  much  (Fig.  27)  another  and  less  violent  uncon- 
formability  is  shown  towards  the  north-west  corner,  where 
the  series  of  beds  K  steals  over  the  denuded  outcrops  of 
the  series  I. 

In  collecting  evidence  on  the  subject  of  a  supposed 
unconformability  the  observer  should  endeavour  to  realize 
to  himself  what  must  have  been  the  contour  of  the 
ground  at  the  time  when  the  overlying  rocks  were  ac- 
cumulated. He  may  in  this  way  sometimes  be  led  to 
see  that  his  suspected  unconformability  is  extremely  un- 
likely, or  physically  impossible.  As  a  curious  illustration 


FIG.  30.— Portion  of  a  geological  section  with  an  impossible  unconformability. 

of  the  consequences  of  the  want  of  this  precaution  Fig. 
30  is  here  inserted  from  a  recently  published  geological 
section.  The  horizontal  distance  represented  is  about 
six  miles,  and  as  the  upper  rocks  are  made  to  dip  at 
angles  of  between  40°  and  50°,  there  must  be  a  mass  of 
them  somewhere  about  four  and  a  half  miles  thick.  If 
we  suppose  them  to  have  been  originally  perfectly  hori- 
zontal, they  must  have  been  laid  down  against  the 
slopes  of  a  mountain  about  four  and  a  half  miles  high  ;  or 
if  they  sloped  gently  away  from  the  underlying  rocks,  the 
height  of  the  mountain  must  have  been  still  greater. 
But  not  only,  however,  must  a  stupendous  mountain  have 
been  tilted  round  so  as  to  lie  on  its  side,  but  the  whole 
of  the  later  rocks  must  have  been  removed  except  a 
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narrow  cake  cut  across  the  bedding  parallel  with  the 
original  slope  of  the  mountain.  In  reality  there  are 
not  two  sets  of  rocks  in  the  line  of  section.  The 
whole  is  one,  subject  here  and  there  to  local  crump- 
ling, as  might  have  been  seen  by  more  careful  and 
extended  observation. 

In  most  cases  it  is  possible  so  to  express  an  uncon- 
formable  junction  upon  the  map  as  to  make  it  readily 
apparent  to  the  geologist.  It  should  be  the  aim  of  the 
surveyor  to  neglect  no  item  of  evidence  which  will  enable 
him  to  do  this  ;  for  the  more  perfectly  his  map  is  self-in 
terpreting,  the  more  useful  will  it  be.  Hence  where,  as  is 
often  the  case,  the  ground  is  obscured  by  surface-accumu- 
lations, and  a  little  liberty  of  choice  is  left  to  him  as  to 
the  precise  course  along  which  to  place  his  line  of  uncon- 
formability,  he  will  draw  his  line  in  such  a  way  as  to 
show  as  clearly  as  may  be  that  it  is  not  a  fault  or  an 
ordinary  conformable  junction. 

In  some  districts,  particularly  in  those  where  older  for- 
mations are  covered  by  more  recent  superficial  accumu- 
lations, a  double  unconformability  may  often  be  seen. 
The  accompanying  diagram,  for  example  (Fig.  31),  re- 
presents what  is  exposed  in  a  cliff  section  at  Cullen,  on 
the  coast  of  BamTshire.  The  lowest  formation  consists 
of  quartz-rock  (<?)  in  strata  inclined  at  a  high  angle  to 
the  south-east.  Their  upturned  ends  are  unconformably 
overlaid  by  red  sandstones  and  conglomerates  (s)  dipping 
gently  away  towards  the  south-west.  These  beds  are  in 
turn  unconformably  covered  by  the  glacial  clays  and 
gravels  (d}.  This  is  an  interesting  and  instructive 
section,  inasmuch  as  it  teaches  us  how  rash  it  would  be 
to  form  any  conclusion  as  to  the  relative  length  of  the 
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intervals  of  time  represented  by  the  amount  of  discord- 
ance between  unconformable  formations.  The  break  be- 
tween the  quartz-rock  and  the  red  sandstones  is  appar- 
ently much  more  violent  and  complete  than  that  between 
the  sandstones  and  the  glacial  deposits.  And  yet  there 


into 


FIG.  31. — Double  tmconfonaability  at  Cullen,  Banffshire. 


can  be  no  doubt  that  in  regard  to  geological  age,  the 
interval  between  the  deposition  of  the  quartz-rocks  and 
that  of  the  sandstones  was  greatly  shorter  than  that 
between  the  sandstones  and  the  overlying  clays  and 
gravels.  It  is  evident  indeed  that  sections  might  be 

I    2 
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found  showing  an  apparently  perfect  conformability  for  a 
certain  space  between  the  sandstones  and  the  glacial 
beds.  Yet  this  local  agreement  in  position  would  not 
be  allowed  to  conceal  the  real  and  complete  break 
between  the  two  series  of  formations. 


CHAPTER  X. 

THE   UNRAVELLING   OF  GEOLOGICAL  STRUCTURE 
FAULTS. 

WE  have  been  dealing  hitherto  only  with  such  varia- 
tions in  the  outcrop  of  strata  as  may  arise  from  the  form 
of  the  ground,  from  variations  in  the  thickness  of  beds 
or  from  changes  in  the  direction  and  angle  of  dip.  But 
the  outcrop  is  often  broken  completely  across,  and  even 
removed  entirely  out  of  sight,  by  those  dislocations  in 
the  earth's  crust  to  which  the  name  of  "faults"  has 
been  given  by  geologists.  These  lines  of  fracture  gene- 
rally form  little  or  no  feature  at  the  surface,  so  that  their 
existence  would  commonly  not  be  suspected.  They 
comparatively  rarely  appear  in  visible  sections,  but  are 
apt  rather  to  conceal  themselves  under  surface  accumu- 
lations just  at  those  points  in  a  ravine  or  other  natural 
section  where  we  might  hope  to  catch  them.  Yet  they 
undoubtedly  constitute  one  of  the  most  important  fea- 
tures in  the  geological  structure  of  a  district  or  country, 
and  should  consequently  be  traced  with  the  greatest 
care. 

The  learner  may,  perhaps,  hesitate  to  believe  that  a 
geologist  can  satisfactorily  trace  a  line  of  fracture  which 
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he  never  actually  sees.  But  a  little  attention  to  this  part 
of  our  subject  will,  I  hope,  convince  him  that  the  mere 
visible  section  of  a  fault  on  some  cliff  or  shore  does  not 
afford  by  any  means  such  clear  evidence  of  its  nature 
and  effects  as  may  be  obtained  from  other  parts  of  the 
region  where  it  does  not  show  itself  at  the  surface  at  all. 
In  fact  he  might  be  deceived  by  a  single  section  with  a 
fault  exposed  in  it,  and  might  be  led  to  regard  that  fault 
as  an  important  and  dominant  one,  while  it  might  be 
only  a  secondary  dislocation  in  the  near  neighbourhood 
of  a  great  fracture,  for  which  the  evidence  would  be 
elsewhere  obtainable,  but  which  might  never  be  seen 
itself.  The  actual  position  (within  a  few  yards)  of  a 
large  fault,  its  line  across  the  country,  its  effect  on  the 
surface,  its  influence  on  geological  structure,  its  amount 
of  vertical  displacement  at  different  parts  of  its  course — 
all  this  information  may  be  admirably  worked  out,  and 
yet  the  actual  fracture  may  never  be  seen  in  any  one 
single  section  on  the  ground.  A  visible  exposure  of  the 
fracture  would  be  interesting;  it  would  give  the  exact 
position  of  the  line  at  that  particular  place ;  but  it  would 
not  be  necessary  to  prove  the  existence  of  the  fault,  nor 
would  it  perhaps  furnish  any  additional  information  of 
importance. 

The  geologist,  therefore,  constantly  finds  evidence  of 
far  more  dislocations  than  he  can  actually  see.  Those 
which  appear,  sometimes  commonly  enough  on  lines  of 
cliff  or  coast-section,  are  apt  to  be  but  small  and  trifling 
The  larger  faults — those  which  powerfully  influence  the 
geological  structure  of  a  country — are  seldom  to  be 
caught  in  any  such  visible  form.  Now  why  is  this? 
Different  reasons  may  be  assigned,  each  of  weight. 
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First  of  all,  it  is  evident  that  along  lines  of  great  dislo- 
cation there  must  have  been,  on  the  whole,  greater 
pressure,  and  greater  grinding  and  fracture  of  the  fis- 
sure-walls than  in  clean,  sharp  cracks,  where  the  rocks 
have  been  displaced  only  a  few  feet  or  yards.  The 
broken  rock  in  the  line  of  fault  crumbles  down  more 
than  the  solid  rock  on  either  side  beyond  it,  or  is  more 
easily  excavated  and  removed.  So  that  whether  on  a 
cliff  or  on  a  flat  surface,  the  actual  fault  is  apt  to  be  con- 
cealed by  superficial  detritus.  Then  again,  large  faults 
often  bring  together  rocks  of  considerably  different 
degrees  of  durability.  The  less-lasting  material  decom- 
poses, and  its  debris  goes  to  cover  the  actual  junction- 
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FIG.  32. — Section  of  lias  (a),  and  new  red  sandstone  and  marl  (i),  cut  by  faults 
(/y),  near  Watchet,  Bristol  Channel.    (De  la  Beche.) 

line  between  the  two  formations.  Another  reason  may  be 
sought  in  the  extensive  deposits  of  gravel,  clay,  or  other 
superficial  materials  which  are  spread  over  the  surface  of 
a  country  and  conceal  the  solid  rocks.  A  line  of  fault 
is  one  of  weakness,  presenting  facilities  for  attack  by  the 
denuding  forces  whereby  it  is  hollowed  out,  so  as  to 
become  a  receptacle  for  these  superficial  deposits.  In 
the  vast  majority  of  cases  faults  produce  no  visible  change 
on  the  contour  of  the  surface.  This  shows  how  exten- 
sively the  ground  has  everywhere  been  planed  down  by 
denuding  agencies.  In  the  foregoing  section  (Fig.  32), 
for  example,  five  faults  are  shown  ;  yet  in  no  single  case 
does  the  line  of  dislocation  betray  itself  by  any  marked 
surface  feature. 
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In  the  consideration  of  faults,  therefore,  two  questions 
obviously  arise.  How  does  a  geologist  recognise  faults 
when  he  sees  them  ?  and  how  does  he  prove  their  exist- 
ence when  he  does  not,  and  cannot,  see  them  ? 

I  need  not  enter  into  any  detailed  answer  to  the  first  of 
these  questions.  The  inspection  of  the  section  of  a  fault 
in  nature  will  tell  more  in  a  few  minutes  than  could  be 
learnt  from  description  in  an  hour,  and  the  lesson  so  re- 
ceived will  be  better  remembered.  A  fault  is  not  usually 
vertical,  but  inclined  at  a  high  angle.  The  rocks  are 
commonly  somewhat  shattered  on  either  side,  the  central 
parts  of  the  fracture  being  filled  with  the  broken  rubbish. 
The  breadth  of  broken  material  may  vary  up  to  a  mass  of 
many  yards.  If,  on  the  face  of  a  cliff,  two  different  sets 
of  rocks  are  brought  together  against  each  other  along  a 
steep  line  of  junction,  where  they  are  both  jumbled  and 
broken,  that  line  will  almost  certainly  be  a  fault.  (Fig.  33.) 

The  inclination  of  the  sides  of  the  fault  is  termed  its 
hade,  and  slopes  away  from  the  side  which  has  been 
pushed  up,  or  in  the  direction  of  that  which  has  gone 
down.  This  is  a  useful  fact,  as  it  enables  an  observer 
to  note  which  is  the  up-throw  or  down-throw  side  of  a 
fault.  The  hade  ought  therefore  always  to  be  noted, 
and  in  mining  districts  its  angle  of  inclination  may  be 
conveniently  recorded  to  explain  the  position  of  the 
same  dislocation  in  the  underground  workings. 

Unless  the  same  bed  can  be  recognised  on  both  sides 
of  a  fault  as  exposed  in  a  cliff  or  other  section,  it  is  evident 
that  the  fault  at  that  particular  place  does  not  reveal 
the  extent  of  its  displacement.  It  would  not  in  such  a 
case  be  safe  to  pronounce  the  fault  to  be  large  or 
small  in  the  amount  of  its  throw,  unless  we  had  other 
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evidence  by  which  to  identify  the  beds  on  either  side. 
One  with  a  considerable  amount  of  displacement  may 
make  little  show  in  a  cliff,  while  on  the  other  hand,  one 
which,  to  judge  from  the  jumbled  and  fractured  ends 
of  the  beds  on  either  side,  might  be  supposed  to  be  a 
powerful  dislocation,  may  be  found  to  be  of  compara- 
tively slight  importance.  I  may  cite  in  illustration,  the 
section  exposed  on  the  cliff  near  Stonehaven  in  Kincar- 
dineshire,  where  one  of  the  most  notable  faults  in  Great 


FIG.  33. — Section  of  a  fault. 

Britain  runs  out  to  sea.  This  fault  lies  between  the 
ancient  crystalline  rocks  of  the  Highlands  and  the  red 
sandstones  and  conglomerates  of  the  Lowlands  of  Scot- 
land. So  powerful  have  been  its  effects  that  the  strata 
on  the  Lowland  side  have  been  thrown  on  end  for  a  dis- 
tance of  two  miles  back  from  the  line  of  fracture,  so  as 
to  stand  upright  along  the  coast-cliffs,  like  books  on  a 
library  shelf.  Yet  at  the  actual  point  where  the  fault 


122  OUTLINES  OF  FIELD-GEOLOGY.  [CHAP. 

reaches  the  sea  and  is  cut  in  section  by  the  cliff,  it  does 
not  appear  as  a  line  of  shattered  rock.  On  the  contrary, 
no  one,  placed  at  once  upon  the  spot,  would  be  likely  to 
suspect  the  existence  of  a  fault  at  all.  The  red  sand- 
stone and  the  reddened  Highland  slates  have  been  so 
compressed  and,  as  it  were,  welded  into  each  other,  that 
some  care  is  required  to  trace  the  demarcation  between 
them. 

Let  us  consider  the  nature  of  the  evidence  from  which 
the  existence  and  position  of  a  fault  are  inferred,  though 
the  actual  dislocation  itself  does  not  appear  in  any 
exposure  of  rock.  The  upper  part  of  the  earth's  crust 
for  a  variable  depth  is  traversed  by  a  circulation  of  water, 
which,  descending  from  the  surface  and  performing  a 
circuitous  underground  journey,  comes  out  again  in  the 
form  of  springs.  The  divisional  planes  whereby  all 
rocks  are  marked  serve  as  channels  along  which  the 
water  oozes  or  flows.  Of  these  planes  none  offer  such 
ready  and  abundant  means  of  escape  to  the  water  as 
lines  of  faults.  Hence  in  some  districts  the  faults  are 


FIG.  34. — Fault  marked  by  the  rise  of  springs  at  the  surface. 

traceable  at  the  surface  by  lines  of  springs.  Without 
some  knowledge  of  the  country,  we  should  not  indeed  be 
justified  in  inferring  the  existence  of  a  fault  merely  from 
finding  a  linear  series  of  springs.  These  might  arise  along 
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the  boundary  between  two  different  beds  or  sets  of  beds 
(see  Fig.  22).  The  springs  which  issue  at  the  base  of  the 
chalk  are  an  illustration.  But  if,  having  ascertained  that 
there  is  no  such  water-bearing  boundary  line  in  the  district, 
we  come  upon  a  marked  line  of  springs,  we  may  surmise 
that  they  indicate  the  position  of  a  fault,  and  we  may 
use  them  in  confirmation  of  other  evidence  bearing  on 
the  existence  of  that  fault.  In  unravelling  the  geological 
structure  of  a  country,  the  observer  may  thus  often  be 
able,  by  means  of  springs,  to  localise  a  line  of  fracture, 
the  existence  of  which  he  can  demonstrate  other- 
wise. 

In  the  same  way,  a  marked  and  abrupt  change  in  the 
form  of  the  ground  along  a  definite  line  may  serve  to 


FlG.  35. — Geological  section  showing  how  a  prominent  feature  at  the  surface 
may  be  caused  by  the  outcrop  of  a  hard  rock  («) intercalated  among  softer  strata. 


show  the  position  of  a  fault.  It  is  true  that  here  again 
the  junction  of  two  beds  or  two  series  of  rocks  of  dif- 
ferent durability,  such  as  sandstone  or  limestone  upon 
clay,  or  gravels  lying  against  granite,  may  give  rise  to  a 
long  straight  or  curving  escarpment  or  slope.  The  mere 
existence  of  such  a  long  line  of  bank  would  not  of  itself 
justify  any  conclusion  or  inference  as  to  a  fault.  In  Fig. 
35,  for  example,  we  see  how  a  steep  declivity  is  pro- 
duced by  the  intercalation  of  a  hard  bed  between 
others  of  a  much  softer  nature.  The  underlying  strata  (c] 
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being  more  easily  worn  away  have,  by  their  removal, 
deprived  the  thick,  solid,  overlying  mass  of  its  proper 
support.  Hence  slices  of  that  mass  from  time  to  time 
slip  off  and  cumber  the  base  of  the  cliff  with  ruined 
blocks,  which  tend  to  arrest  the  progress  of  decay  until 
they  themselves  are  gradually  split  up  by  the  weather 
and  removed.  Nevertheless,  such  abrupt  changes  of 
contour,  taken  in  conjunction  with  other  facts,  may  often 
be  made  to  help  in  proving  the  existence  of  faults. 
Marked  forms  of  ground  have  always  some  geological 
explanation.  It  is  the  province  of  the  field-geologist  to 
study  them  in  connection  with  their  causes,  and  to  make 
use  of  them  in  elucidating  the  structure  of  the  rocks  and 
the  history  of  the  physical  geography  of  a  country. 

But  by  far  the  most  important  and  satisfactory 
evidence  for  the  existence  and  effects  of  faults  is  fur- 
nished by  the  grouping  of  the  rocks  with  reference  to 
each  other,  and  can  only  be  put  together  when  that 
grouping  has  been  examined  with  some  care,  in  other 
words,  when  some  progress  has  been  made  in  unravelling 
the  geological  structure  of  the  locality.  The  nature  of  this 
evidence  will  be  most  satisfactorily  followed  by  reference 
once  more  to  the  map  in  Figs.  26  and  27. 

It  will  be  observed  that  several  lines  of  fault  are 
shown  upon  that  map.  Look  first  at  that  which  crosses 
the  streams  on  the  left  or  west  side.  In  ascending  the 
most  southerly  of  these  streams  we  notice  that  at  first 
the  rocks  consist  of  various  sedimentary  deposits — sand- 
stones, shales,  and  limestones.  These  strata  dip  toward 
the  south-east,  and  the  angle  gradually  rises  as  we  pro- 
ceed up  the  stream,  until  at  the  last  place  where  they  are 
seen  the  beds  stand  at  an  angle  of  80°.  A  short  way 
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higher  up  we  encounter  rocks  of  an  entirely  different 
character ;  let  us  suppose  them  to  be  granite  and  crys- 
talline metamorphic  rocks.  The  gradual  rise  of  angle 
and  the  almost  vertical  position  of  the  strata  would  be 
regarded  as  sufficient  to  indicate  the  existence  of  a  line 
of  fault  between  the  stratified  rocks  and  the  crystalline 
masses.  The  section  in  the  next  stream  is  similar. 
It  will  be  observed  that  while  the  general  order  of  the 
strata  is  the  same,  some  of  the  beds  in  the  former  section 
do  not  come  out  to  view  here,  while,  on  the  other  hand, 
some  appear  here  which  were  not  found  before.  It  is  by 
thus  piecing  different  contiguous  sections  together  that 


FlG.  36. — Section  of  fault  with  inverted  beds  on  the  down-throw  side. 

the  order  of  strata  in  a  district  is  made  out.  The  angle 
of  dip  in  this  second  stream  rises  as  before  towards  the 
higher  ground  inland,  until  angles  of  70°  to  80°  are 
reached.  It  may  be  remarked  that  the  last  rocks  seen 
here  lie  beyond  the  line  of  those  last  seen  in  the  first 
stream ;  also  that  the  obscured  space  between  them  and 
the  crystalline  masses  is  narrower.  We  get  deeper  into 
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the  series  and  find  that  a  lower  part  of  it  than  was  seen 
before  now  impinges  upon  the  granitic  masses.  In  the. 
next  stream  similar  evidence  is  obtained,  only  here  a  little 
ambiguity  seems  at  first  to  arise  from  the  fact  that  the 
strata,  after  gradually  becoming  vertical,  dip  as  it  were  into 
or  below  the  granite.  This  in  reality  is  a  reversal  of  dip. 
The  strata  have  not  only  been  thrown  on  end,  but  actually 
bent  back  upon  themselves,  so  that  a  section  of  them  at 
that  place  would  show  such  an  arrangement  as  is  given  in 
Fig.  36.  No  more  convincing  evidence  of  the  existence 
of  a  powerful  fault  could  be  given.  It  should  be  noticed, 
too,  that  here  again  we  have  still  lower  parts  of  the  series 
of  stratified  rocks  placed  on  end  against  the  granitic  hills. 

Now,  having  put  these  various  data  upon  our  mapr  we 
see  that  the  point  of  junction  between  the  two  kinds  of 
rock  crosses  the  streams  in  a  tolerably  straight  north- 
easterly line.  There  cannot  be  any  doubt  that  the 
junction  is  a  fault ;  for  ist,  there  is  no  trace  of  any  con- 
glomerates or  other  indications  of  an  original  base  to  the 
formation,  lying  upon  and  wrapping  round  the  granite  ;  on 
the  contrary,  the  remarkably  straight  boundary  line  is  not 
at  all  like  that  of  an  old  shore  or  unconformable  junction ; 
2nd,  there  is  no  evidence  of  the  granite  having  been  in- 
truded through  the  rocks.  The  latter  show  no  granite 
veins  or  traces  of  alteration.  3rd.  The  disturbed  vertical 
and  even  inverted  position  of  the  strata  all  along  the 
straight  line  of  junction  proves  that  line  to  be  a  fault. 
4th.  The  upturned  strata  are  cut  across  obliquely  by 
the  junction-line,  so  that  different  horizons  of  them  are 
successively  brought  against  the  crystalline  rocks. 

We  cannot  hesitate  in  such  a  case  to  treat  the  line  as 
a  fault,  which  we  mark  on  the  map  by  a  strong  pencil- 
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line,  at  each  point  where  there  is  good  evidence  as  to  its 
approximate  or  actual  position.  We  should  search  for 
further  traces  of  the  line  in  the  intermediate  ground; 
and  here  may  be  realised  the  use  of  a  line  of  springs, 
or  of  some  definite  bank  or  hollow  on  the  surface  of 
the  ground,  in  enabling  us  to  carry  the  line  of  the  fault 
with  confidence  across  a  tract  where  no  actual  rock  may 
be  exposed.  There  could  be,  in  the  present  instance, 
little  hesitation  in  prolonging  our  strong  pencil-line  from 
point  to  point ;  if  we  felt  any  uncertainty  as  to  its  course 
through  some  part  of  the  country,  we  should  make  the 
line  there  a  broken  or  dotted  one. 

The  side  of  up- throw  or  down-throw  may  either  be 
fixed  at  once  from  our  knowledge  of  the  order  of 
succession  among  the  rocks,  or  may  be  determined  at  a 
later  stage  as  our  acquaintance  with  the  district  increases. 
Thus,  in  the  case  which  has  just  been  under  notice, 
if  we  knew  that  the  granite  series  was  older,  that  is, 
underlay  the  other,  we  should  say  that  the  up-throw 
of  the  fault  was  to  the  granite  side.  This  direction 
might  be  marked  on  the  map  by  a  short  bar  placed 
perpendicular  to  the  line  of  the  fault,  and  on  the  down- 
throw side.  In  the  completed  map  the  fault  might  be 
shown  by  a  strong  black  line  or  by  a  white  line.  The 
latter  method  is  adopted  on  the  maps  of  the  Geological 
Survey,  where  fine  lines  of  opaque  Chinese-white  are 
placed  over  the  geological  colours  to  mark  the  position 
of  the  faults. 

From  the  example  given  in  the  diagram  which  we  have 
been  considering  in  detail  (Fig.  27),  it  appears  that  one 
indication  of  the  proximity  of  a  fault  is  a  rapid  rise  in 
the  angle  of  inclination  of  strata.  It  is  common  to  find 
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the  beds  on  the  down-throw  side  bent  up  against  the  other 
side,  and  this  upturning  may  extend  for  a  few  feet  or  for 
more  than  a  mile.  The  amount  of  disturbance  may  be 
regarded  as  bearing  on  the  whole  a  relation  to  the 
amount  of  vertical  displacement  of  the  fault;  though 
to  this  conclusion  there  are  many  exceptions.  The 
great  fault  already  referred  to  as  flanking  the  Scottish 
Highlands  has  placed  the  old  red  sandstones  and  con- 
glomerates on  end  for  about  two  miles.  The  beds  on 
the  up-throw  side,  on  the  other  hand,  may  sometimes  be 
observed  to  be  bent  down  against  the  fault.  This 
arrangement  is  of  course  what  might  have  been  looked 
for,  but  it  does  not  always  occur. 

Another  feature  which  may  be  regarded  as  a  tolerably 
sound  proof  of  the  existence  of  a  fault,  consists  in  a 
complete  divergence  of  strike  between  the  formations 
on  either  side  of  a  given  line,  or,  in  the  common  par- 
lance of  field-geologists,  when  one  series  of  strata  strikes 
at  or  against  another.  This  may  be  most  easily  under- 
stood by  reference  to  the  diagram  (Figs.  26  and  27). 
Towards  the  south-east  portion  of  that  map,  two 
different  sets  of  strata  may  be  observed  to  crop  up 
in  the  various  streams  and  natural  sections.  The  strike 
of  one  of  these  is  at  D  and  C  nearly  north-west. 
Towards  the  north-east,  owing  to  a  change  in  the 
direction  of  dip,  the  strike  swings  round,  until  at  last 
it  is  E.N.E.  and  W.S.W.  Now,  unless  some  fault 
occurs,  we  may  confidently  expect  that  the  strata 
which  strike  north-west  and  south-east  will  be  found 
to  continue  southwards,  though  they  may  eventually 
participate  in  some  other  change  of  strike,  and  wheel 
round  as  before.  If,  then,  in  the  line  of  their  strike, 
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and  at  a  comparatively  short  distance,  in  which  they 
have  no  room  to  turn  round,  we  encounter,  as  shown 
here,  another  and  different  series  of  rocks  (J?  and  G), 
we  may  reasonably  infer  that  a  fault  intervenes,  and  may 
set  about  the  search  for  further  evidence  of  it.  In  the 
case  supposed  upon  the  map,  the  strata  on  the  south 
side  strike  on  the  whole  in  a  north-east  and  south-west 
direction.  But  close  examination  shows  that  some 
strata  are  cut  out  as  they  approach  the  junction-line  ; 
this  plainly  indicates  the  line  to  be  one  of  dislocation. 

A  great  many  faults  run  with  the  dip,  and  are  called 
dip-faults  ($0  in  Fig.  27) ;  another  series  runs  with  the 
strike,  forming  strike-faults  (<^y  in  Fig.  27).  But  as  dis- 
locations may  occur  in  any  direction,  and  cross  dip  and 
strike  at  any  angle,  these  two-  series  are  not  very  sharply 
marked  off  from,  but  may  pass  into  each  other,  or  the 
same  dislocation  may  be  a  dip-fault  when  looked  at  from 
one  side,  and  a  strike-fault  when  viewed  from  the  other 
(as  at  0'y  and  z  z  in  Fig.  27).  Owing  to  the  way  in  which 
denudation  has  smoothed  down  the  surface  of  the  ground, 
a  dip-fault  has  the  effect  of  shifting  the  outcrop  of  an  in- 
clined stratum  so  as  to  make  it  appear  like  a  horizontal 
displacement.  In  the  map,  for  example,  the  beds,  D  and 
E  dipping  south  are  traversed  by  a  dip-fault  with  a  down- 
throw to  the  east.  The  line  of  outcrop  is  consequently 
shifted  northwards  on  the  side  of  down-throw.  If  the 
beds  had  dipped  northwards,  then  a  down-throw  to  the 
east  would  have  moved  the  outcrop  southwards.  A 
strike-fault,  when  it  exactly  coincides  with  the  line  of 
strike  On  both  sides,  makes  no  change  in  the  line  of 
outcrop,  except  in  bringing  two  parallel  bands  closer 
together.  It  may  carry  some  important  strata  out  of 
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sight,  or  prevent  them  from  ever  being  seen  at  the 
surface  at  all.  In  the  map  (Fig.  27),  for  example,  the  bed 
C  is  completely  cut  out  against  the  strike-fault  <py.  If  it 
were  not  seen  at  the  surface  elsewhere,  its  existence  could 
not  be  known  unless  from  some  underground  boring. 

To  judge  of  the  character  and  effects  of  faults  upon 
the  geological  structure  of  a  country,  the  student  should 
consult  some  good  detailed  maps,  such  as  the  large  coal- 
field plans  of  the  Geological  Survey  of  Great  Britain.  It 
is  good  exercise,  too,  in  the  practical  treatment  of  faults 
in  field-geology,  to  study  some  coast-section  where  the 
strata  are  considerably  faulted,  and  where  they  are 
exposed  in  plan  upon  the  beach  as  well  as  in  section 
upon  the  cliff.  A  river-ravine  in  summer  weather, 
when  the  water  is  low,  sometimes  furnishes  admirable 
lessons  in  this  as  well  as  in  other  branches  of  the 
subject. 


CHAPTER  XT. 

THE   CURVATURE    OF    ROCKS. 

IN  the  limited  exposures  of  strata  usually  visible,  such  as 
those  in  the  bed  of  a  stream,  or  a  sea-shore,  in  a  railway 
cutting  or  in  a  quarry,  the  planes  of  dip  usually  seem  in 
section  to  be  straight  lines.  Bed  succeeds  bed  inclined 
at  the  same  angle  and  forming  a  succession  of  parallel 
bands.  But  could  we  continue  the  sections  downward 
beneath  the  surface,  or  see  the  rocks  exposed  on  the  bare 
steep  side  of  a  great  mountain,  we  should  observe  that 
though,  when  examined  within  the  limited  area  of  a  few 
feet  or  yards,  the  beds  look  as  if  they  sloped  in  straight 
stiff  lines,  in  reality  they  are  portions  of  great  curves. 
That  this  must  be  so  is  made  evident  when  we  reflect  on 
what  must  be  the  consequence  of  the  variations  of  angle 
in  the  inclination  of  beds  at  the  surface.  Suppose,  for 
example,  that  along  the  ravine  of  some  river,  or  in  any 
other  natural  or  artificial  opening,  we  encounter  a  suc- 
cession of  strata  inclined  as  inFig.  37.  We  cannot  observe 
any  visible  indication  of  curvature  in  any  of  the  beds, 
and  yet,  if  we  prolong  the  planes  of  dip  above  and  below 
the  surface  (Fig.  38)  we  see  at  once  that  there  must  be 
a  considerable  curve,  though  with  a  radius  so  large  that 
the  bending  does  not  appear  within  the  narrow  strip  of 
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rock  exposed  at  the  surface.  Such  indications  of  endless 
undulations  in  the  rocks  of  the  earth's  crust  meet  the 
field-geologist  at  every  turn. 


FIG.  37. — Section  of  inclined  strata. 


The  larger  curvatures  can  be  best  understood  from  a 
previous  examination  of  those  on  a  small  scale,  so  often 


FIG.  38. — Section  of  inclined  strata  (as  in  Fig.  37),  showing  that  they  torm  part 
of 'a  large  curve. 

to  be  met  with  on  coasts  and  in  inland  ravines.  In  such 
cases  we  may  advance  (from  say  a  in  Fig.  39)  across  the 
strike  of  beds  dipping  steadily  towards  us,  and  may  not, 
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from  all  that  appears,  suspect  that  any  marked  fold  of 
the  rocks  is  contained  in  the  section.  And  yet  on 
reaching  b  we  should  at  once  perceive  that  we  were 
standing  on  the  centre  of  an  arch,  saddle,  or  anticline, 
and  that  if  we  went  on  towards  c  we  must  cross  the  same 
strata  over  again.  Or,  on  the  other  hand,  were  we  to 


FIG.  39. — Section  of  strata  curved  in  an  arch  or  Anticline. 

traverse  a  succession  of  strata  dipping  continuously 
away  from  us,  as  from  a  to  b  in  Fig.  40,  and  to  come  at 
last  to  a  flattening  of  them  and  the  commencement  of 
a  dip  in  the  opposite  direction,  we  should  know  that  in 
this  case  the  rocks  had  been  folded  into  a  basin, 
trough,  or  syncline. 


FIG.  40. — Section  of  strata  curved  in  a  trough  or  Syncline. 


The  concealment  of  the  central  portion  or  axis  of  the 
fold  where,  on  a  small  scale,  as  in  the  cases  I  have 
supposed,  the  actual  bending  of  the  rocks  may  be  seen, 
does  not  make  any  difference  in  the  interpretation  to  be 
put  upon  the  contrary  dips  at  a  and  c  in  Figs.  39  and  40. 
Indeed,  in  nature  it  is  comparatively  rare  to  see  the  actual 
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central  bending  of  the  strata.  In  almost  all  cases, 
except  the  minor  examples  I  have  spoken  of,  the  line  of 
axis  is  determined  from  the  angles  taken  amongtheinclined 
strata  on  either  side.  And  here  the  advantage  of  one 
or  more  definite  horizons  is  made  strikingly  apparent. 
If  we  can  recognise  the  same  stratum  on  both  sides  of  a 
fold,  we  have  in  its  position  and  angle  of  inclination 
a  datum  line  from  which  to  measure  the  extent  of  the 
fold.  In  Fig.  39,  for  example,  if  the  bed  marked  ac 
can  be  identified  on  each  side  of  the  arch,  we  can  esti- 
mate from  the  angles  of  inclination  between  it  and  the 
axis  how  high  the  arch  must  have  been  when  this  bed 
formed  its  crown,  and  what  amount  of  material  has 
since  been  removed.  On  the  other  hand  it  is  easy 
in  a  similar  way  to  calculate  the  depth  of  the  trough 
(Fig.  40)  from  the  centre  down  to  the  position  of  the 
stratum  a,  c. 

We  might  expect  that  these  curvatures  of  the  solid 
rocks  should  always  produce  features  at  the  surface,  that 
the  lines  of  anticlinal  axis  should  correspond  with  ridges 
or  hills,  and  that  those  of  synclinal  folds  should  define 
the  trend  of  valleys.  But  it  often,  perhaps  we  may  even 
say  generally,  happens  that  neither  anticlines  nor  synclines 
produce  any  marked  influence  on  the  surface  (Fig.  42). 
In  walking  over  the  two  sections  (Figs.  39  and  40),  the 
observer  not  attending  to  the  angles  of  inclination,  would 
never  suspect  that  he  was  crossing  a  geological  ridge  in 
the  one  case,  and  a  geological  valley  in  the  other.  When 
these  curvatures  affect  the  contour  of  the  surface,  they 
are  apt  to  do  so  exactly  in  the  opposite  way  to  that 
which  the  learner  might  have  anticipated.  The  anticlinal 
folds  not  unusually  coincide  with,  and  have  given  rise 
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to,  lines  of  valley ;  while  the  synclinal  folds  have  origin- 
ated lines  of  ridge  or  hill. 


But  the  observer  as  he  extends  his  experience  will  find 
that  not  only  have  the  rocks  of  the  earth's  crust  been 


FIG.  42. — Curved  limestone,  Draught. n,  near  Skipton. 


folded  in  this  equable  and  gentle  way;  but   that  they 
present  proofs  of  much  more  intense  movement.     These 
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may  be  looked  for  in  the  vicinity  of  faults,  as  has  already 
been  pointed  out.  Sudden  and  violent  crumpling  in 
the  midst  of  comparatively  undisturbed  strata  may  be 
regarded  as  prima  facie  indicative  of  the  proximity  of 
some  dislocation.  It  will  not  however  of  itself  be  suf- 
ficient to  prove  the  existence  of  a  fault,  for  unexpe-cted 


3.—  Shales  contorted  by  a  landslip. 


local  twists  and  severe  plication  sometimes  occur  where, 
though  the  rocks  must  have  been  subjected  to  intense 
lateral  compression,  they  have  not  actually  been  fractured. 
On  a  small  scale  the  most  tumultuous  contortion  of  soft 
strata  may  often  be  seen  as  the  result  of  a  landslip.  In 
Fig.  43,  for  example,  a  set  of  dark  shales  lying  under  a 
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thick  sandstone  have  been  crushed  up  by  slips  of  the 
heavy  over-lying  rock,  yet  the  ruin  has  been  so  well  con- 
cealed by  vegetation  that  a  careless  observer  might  sup- 
pose the  lower  twisted  beds  to  be  much  older  than,  and 
unconformably  covered  by,  the  upper  horizontal  strata. 

There  occur  wide  tracts  of  country  where  the  under- 
lying rocks  have  been  so  violently  disturbed,  that  for  miles 
they  seem  to  be  standing  on  end.  In  such  cases  it  is 
usual  to  find  some  one  prevalent  direction  of  strike  along 
which  the  vertical  or  highly  inclined  beds  range  them- 
selves. And  a  careful  examination  will  generally  disclose 


FIG.  44. — Section  of  what  at  the  surface  might  be  mistaken  for  a  continuous 
highly  inclined  series  o<  strata,  shown  to  consist  of  numerous  anticlinal  and 
synclinal  folds.  Gneissose  rocks,  Lock  Quoich,  Invernesshire. 


proofs  that  the  strata  really  consist  of  many  rapid  folds, 
the  same  beds  being  repeated  again  and  again.  Sub- 
sequent extensive  denudation  has  worn  away  the  tops  of 
the  arches  and  produced  a  form  of  surface  which  may 
have  little  or  no  reference  to  the  structure  of  the  rocks 
below  (Fig.  44). 

Rocks  contorted  in  this  way  are  pretty  sure  to  present 
cases  of  isoclinal  folds,  that  is,  the  axes  of  the  curves  are 
not  vertical  but  inclined.  In  Fig.  45,  for  example,  the 
folds  are  all  inclined  in  the  same  direction,  so  that  in 
each  of  them  one  half  of  the  curve  has  its  strata  turned 
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bottom  uppermost.  Inversions  on  a  grand  scale  are  to 
be  seen  in  great  mountain-chains  like  the  Alps.  The 
accompanying  drawing  (Fig.  46)  represents  a  very  re- 
markable example  which  occurs  in  the  mass  of  the  Glar- 
nisch,  one  of  the  eastern  Swiss  Alps,  as  described  by  Dr. 


FIG.  45. — Inverted  contortions  or  isoclinal  folds. 

Baltzer.  The  peak  (Ruchen)  reaches  a  height  01  2,107 
metres  above  the  valley  to  the  left  of  it  (Klonthal).  The 
folded  rocks  belong  to  the  Cretaceous  system  of  the  Alps. 


FIG.  46.— Section  of  the  grand  inversions  of  strata  in  the  Glarnisch  Mountain. 
Eastern  Alps. 


Cleavage. — By  the  powerful  lateral  pressure  to  which 
rocks  have  been  subjected  during  their  subsidence 
and  contortion,  their  minute  particles,  which  usually 
present  one  axis  longer  than  the  others,  have  been 
compelled  to  adjust  themselves  in  the  rock  along  the 
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line  of  least  resistance  ;  that  is,  with  their  longer  axis 
perpendicular  to  the  direction  of  the  pressure.  Mr. 
Sorby  showed  by  ingenious  experiments,  that  with 
suitable  adjustments  of  pressure  this  re-arrangement 
could  be  imitated  artificially  in  different  substances, 
even  in  so  homogeneous  a  body  as  wax  poured  in  a 
melted  state  upon  a  surface  of  glass.  Rocks  in  which 
the  change  has  been  superinduced  are  said  to  be  cleaved, 
and  the  change  itself  is  termed  cleavage. 

Considerable  practice  is  required  to  be  able  to  dis- 
tinguish between  the  fissile  structure  thus  developed  by 
cleavage,  and  that  due  to  original  lamination  of  deposit. 
Should  the  rock  consist  of  alternate  bands  of  different 
textures,  such  alternation  will  of  itself  be  sufficient  to 
show  the  bedding;  while  a  further  test  will  be  found 
in  the  frequent  difference  in  the  fineness  of  the  cleavage 
as  it  passes  from  one  rock  into  another.  Fine-grained 
argillaceous  rocks  assume  the  most  perfect  cleavage ; 
hence  their  value  as  slates.  Sandy  and  gritty  rocks 
do  not  allow  of  the  development  of  such  fine  divisional 
planes.  Consequently  the  cleavage  lines  may  actually 
be  seen  to  stop  when  they  reach  an  arenaceous  stratum 
and  begin  again  on  the  further  side  at  the  next  argillaceous 
band.  Where  no  such  intercalation  of  different  strata  can 
be  observed,  the  geologist  looks  for  lines  of  colour 
corresponding  with  original  lamination.  Should  these 
fail,  he  may  for  an  interval  find  it  impossible  to  make 
sure  in  what  direction  the  lines  of  stratification  run.  It 
will  be  perceived  from  Fig.  47  that  cleavage  runs  in- 
dependent of  original  bedding,  coinciding  with  it  or 
not,  as  the  strata  may  happen  to  lie.  The  strike  of  the 
cleavage  which  can  be  traced  with  great  persistence  over 
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large  areas,  as  in  North  Wales,  marks  the  direction 
perpendicular  to  which  the  compression  of  the  rocks 
took  place.  In  following  it,  therefore,  the  observer 


FIG.  47. — Cleavage  of  curved  strata,  coinciding  with  the  stratification  at  b  b,  but 
at  a  right  angle  to  it  at  a. 

will  keep  a  watch  for  every  indication  of  other  evidence 
as  to  the  nature  and  extent  of  the  terrestrial  movements 
by  which  these  great  changes  were  effected. 


CHAPTER  XII. 

IGNEOUS   ROCKS. 

THE  foregoing  chapters  have  treated  chiefly  of  the 
structure  of  the  stratified  rocks,  although  the  same 
principles  which  guide  us  in  dealing  with  them  are  also 
in  great  part  applicable  to  the  igneous  rocks.  These  lat- 
ter, however,  present  some  features  of  their  own  which 
mark  them  off  in  strong  contrast  with  the  former,  and 
which  the  geologist  can  learn  to  distinguish  only  by 
actual  practice  in  the  field. 

At  the  outset,  the  observer  must  be  able  to  recognise 
an  igneous  rock  when  he  meets  with  it.  In  the  great 
majority  of  cases  he  will  have  no  difficulty  in  this,  pro- 
vided he  has  made  himself  familiar  with  the  characters 
of  such  rocks  by  handling  specimens  of  them.  But  the 
carefully  selected  specimens  of  a  museum  or  private 
collection  do  not  always  convey  a  correct  idea  of  the 
external  character  of  the  rocks  as  they  occur  on  the  hill- 
side or  ravine.  It  is  specially  needful  that  the  hammer 
be  vigorously  plied  during  at  least  the  earlier  part  of  a 
geologist's  study  of  igneous  rocks.  He  will  find  them  so 
constantly  decayed  at  the  surface,  so  thickly  covered  with 
a  weathered  crust,  and  even,  in  many  cases,  so  deeply 
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penetrated  by  the  percolating  water  which  has  decom- 
posed their  silicates,  that  he  may  experience  no  little 
difficulty  in  procuring  a  tolerably  fresh  fracture  from 
which  to  judge  what  the  real  character  of  the  rock  may 
be.  The  weathered  surface,  however,  often  helps  in  this 
discrimination,  for  the  decay  of  the  more  decomposable 
mineral  sometimes  leaves  the  others  more  easily  recog- 
nisable than  in  the  unaltered  state.  Should  the  observer 
find  himself  at  a  loss  how  to  name  a  rock,  let  him  take 
one  or  two  chips  in  his  pocket,  wrapping  them  in  paper, 
with  a  label  inside,  to  mark  their  proper  locality.  When 
he  gets  back  to  his  quarters  in  the  evening  he  may  submit 
one  or  two  minute  splinters  of  the  rock  to  blow-pipe 
tests,  or  if  these  be  inapplicable,  or  give  no  satisfactory 
results,  he  may  proceed,  in  the  manner  described  in  a 
later  chapter,  to  prepare  a  slice  of  the  stone,  mount  it 
on  glass,  and  submit  it  to  examination  under  the  micro- 
scope. If  even  after  all  these  trials  the  rock  still  puzzles 
him,  he  had  better  give  it  some  provisional  name,  and 
lose  no  more  time  over  its  determination,  but  pro- 
ceed with  his  field-work,  laying  aside,  however,  some 
good  typical  specimens  of  the  doubtful  rock  for  subse- 
quent more  careful  analysis  either  by  himself  or  some 
experienced  petrographer. 

Having  acquired  more  or  less  facility  in  detecting 
igneous  rocks  by  their  lithological  characters,  the  observer 
may  proceed  to  study  their  structures  as  rock-masses  and 
the  part  they  have  played  in  the  architecture  of  the  earth's 
crust.  He  will  find  by  practice  that  for  the  purposes  of 
field-geology  they  are  conveniently  divisible  into  two  great 
series — (i)  the  Crystalline,  including  granite,  syenite,  with 
all  the  once  melted  rocks  like  the  lavas;  and  (2)  the 
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Fragmental,  including  the  consolidated  volcanic  ashes, 
tuffs,  and  conglomerates.  As  a  rule,  these  two  series  are 
broadly  and  distinctly  marked  off  from  each  other,  both 
by  lithological  character  and  by  their  behaviour  as  rock- 
masses.  The  crystalline  rocks,  as  their  name  indicates, 
have  solidified  from  molten  or  aquo-igneous  solutions  ; 
sometimes  remaining  still  in  their  condition  of  glass, 
sometimes  completely  crystalline  and  with  every  possible 
gradation  between  these  two  extremes.  But  though  tor 
the  most  part  recognisably  crystalline  in  the  field,  they 
are  not  always  so.  Many  ancient  porphyries  for  example 
might  in  hand-specimens  be  taken  for  pieces  of  hardened 
clay.  In  such  cases,  should  the  lithological  characters  be 
indefinite,  the  true  character  of  the  rock  may  usually  be 
ascertained  from  its  relation  to  the  surrounding  masses. 
If  these  are  obscured,  the  final  appeal  may  be  to  the 
microscope.  Hence  the  learner  must  be  prepared  for 
endless  varieties  of  texture,  colour,  hardness  and  soft- 
ness, toughness  and  friableness,  among  the  once  molten 
igneous  rocks.  The  fragmental  series  is  less  varied,  as 
the  rocks  belonging  to  it  consist  of  fragmentary  ma- 
terials, derived  partly  from  the  explosion  of  lava  rising 
in  the  throats  of  volcanoes,  and  partly  from  the  debris 
torn  from  the  sides  of  the  volcanic  funnels  and  craters. 
They  are  essentially  characterised  by  the  fragmental  or 
"  clastic "  nature  of  their  component  particles.  These 
may  vary  in  texture  from  the  finest  impalpable  dust  up 
to  blocks  weighing  several  tons.  Hence  considerable 
variety  exists  in  the  coarseness  or  fineness  of  the  con- 
solidated strata.  They  may  pass  on  the  one  hand  by 
admixture  of  ordinary  sediment  into  sandstones  and 
shales  ;  on  the  other,  into  the  coarse  tumultuous  agglo- 
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merate   of    purely  volcanic   origin  so  commonly   found 
filling  up  former  vents  of  eruption. 

The  Crystalline  igneous  rocks  may  be  conveniently 
classed  as  deep-seated  or  plutonic,  and  as  superficial  or 
volcanic,  according  as  they  have  solidified  deep  within 
the  crust,  or  at  or  near  the  surface,  though  fundamentally 
they  are  all  parts  of  one  great  series.  In  the  more  super- 
ficial or  volcanic  group,  these  rocks  may  either  be  intrusive 
or  interbedded  ;  that  is,  they  may  either  have  been  in- 
truded among  the  rocks  with  which  they  are  associated, 


Fi3.  48. — Section  of  a  portion  of  the  earth's  crust  broken  by  two  dislocations 
whereby  three  different  masses  of  stratified  rock,  A.  B.  and  C,  have  been 
brought  into  juxtaposition,  and  with  two  masses  of  intrusive  igneous  rock 
I,  which  have  risen  along  the  lines  of  fracture. 

or  they  may  have  been  poured  out  at  the  surface  in  sheets, 
Avhich  in  a  great  continuous  series  of  deposits  thus  come 
to  be  interbedded  between  the  strata  below  and  those 
above  them.  It  is  of  course  evident  that  as  these  crys- 
talline masses  have  all  risen  from  molten  reservoirs 
below,  they  were  all  originally  intrusive  in  the  earlier  or 
deeper  part  of  their  course.  Every  interbedded  sheet 
must  have  been  connected  somewhere  underneath  with 
the  intrusive  pipe  or  vein  by  which  it  rose  to  the  surface, 
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although  the  connection  may  have  been  subsequently 
destroyed  or  concealed.  An  intrusive  mass,  on  the  other 
hand,  may  never  have  been  connected  with  the  surface 
at  all.  Interbedded  igneous  rocks  prove  the  former  ex- 
istence of  active  volcanic  vents  at  or  near  the  localities 
in  which  they  occur.  Intrusive 
igneous  rocks  may  be  due  to 
ancient  deep  -  seated  move- 
ments in  the  crust  of  the  earth 
which  never  gave  rise  to  any 
of  those  surface  manifesta- 
tions usually  held  to  be  ex- 
pressed by  the  term  volcanic. 
An  accurate  discrimination  be- 
tween these  two  groups  is  of 
importance  when  the  history 
of  a  volcanic  district  has  to  be 
made  out. 

i.  I  may  briefly  notice  some 
of  the  main  characters  which 
distinguish  the  groups.  An 
intrusive  rock  may  occur  in  FIG.  49. 

the  form  of  (i)  a  vein  (v  in     f^,  „  .,  _,  ., 

Fig.  52),  traversing  at  any  JS^^S.^fiSSv*'^^ 
angle  the  rocks  among  which 

it  lies,  (2)  a  vertical  wall-like  mass  or  dyke,  (3)  an 
irregularly  circular  boss  forming  the  upper  end  of  a 
vertical  column  or  pipe  called  a  "neck,"  (4)  an  injected 
bed  or  sheet  (b,  Fig.  52),  or  (5)  an  irregular  amorphous 
mass.  When  it  can  be  seen  to  intersect  any  of  the  beds  of 
a  series  of  strata,  its  intrusive  character  becomes  at  once 
apparent.  But  when  it  lies  between  stratified  rocks,  and 


Secti-n   of   interbedded 
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assumes  the  form  of  a  bed,  some  care  is  needed  to  make 
its  intrusive  character  certain,  for  it  might  then  be  taken 
for  an  interbedded  sheet.  It  is  usually  characterised  by 


FIG.  50. — Upper  surface  of  an  intrusive  igneous  sheet  with  overlying  shale. 

being  much  closer  in  grain  near  its  junction  with  the 
other  rocks  than  in  the  central  parts  of  its  mass  (Fig.  50). 
Again  the  rocks  lying  upon  it  are  hardened,  and  some- 


FIG.  51.— View  of  the  Island  of  Staffa  and  Fingal's  Cave,  showing  amorphous 
and  columnar  basalt  resting  upon  tuff. 

times  exceedingly  altered,  while  detached  portions  of 
them  are  now  and  then  found  to  have  been  caught  up 
and  entangled  in  the  crystalline  mass  below. 
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The  position  of  the  prismatic  joints  by  which  volcanic 
rocks  are  frequently  traversed  may  sometimes  suffice  to 
indicate  whether  a  rock  is  certainly  intrusive  or,  possibly, 
interbedded.  These  joints  start  from  the  cooling  sur- 
faces of  the  original  melted  mass  of  lava.  In  a  bed 
they  are  of  course  perpendicular  to  its  upper  and  under 
surfaces  (Fig.  51);  in  a  dyke  or  vein  they  vary  according 
to  the  inclination  of  the  mass,  being  horizontal  when  the 
dyke  is  vertical  (Fig.  52). 


FIG.  52.— Section  of  a  dyke  (</),  rising  through  a.  small  fault  and  sending  out  a 
vein  (v\  and  an  intrusive  sheet  or  bed  (b),  into  the  surrounding  shales  and 
iron  stones  (sA). 


When  an  igneous  rock  has  been  cut  through  by  a 
fault,  the  fractured  surface,  especially  when  rough  and 
shattered,  may  assume  a  deceptive  resemblance  to  the 
side  of  a  truly  intrusive  mass.  But  in  such  a  case  it 
would  probably  be  found  that  the  surfaces  both  of  the 
igneous  rock  and  of  those  next  it  showed,  in  their  striated 

L  2 


148  OUTLINES  OF  FIELD-GEOLCUY.  [CHAP. 

and  polished  appearance,  evidence  of  having  been  made 
to  grind  each  other  as  solid  masses. 

Dykes  vary  in  thickness  from  less  than  an  inch  to 
seventy  feet  or  more,  and  from  a  vertical  to  a  steeply- 
inclined  position.  They  often  rise  along  previous  lines 
of  fracture  ;  but  in  the  great  majority  of  cases  the  basalt- 
dykes  of  Tertiary  date,  so  abundant  in  Britain,  have  filled 
fissures  without  any  vertical  throw  of  the  rocks  on  either 
side.  Sometimes  a  dyke  may  be  found,  as  in  Fig.  52,  to 
send  out  ramifications,  though  this  is  not  so  common  as 
might  be  supposed. 

The  amount  of  alteration  on  the  surrounding  rock 
produced  by  dykes  is  usually  surprisingly  small.  Sand- 
stone is  hardened  into  a  kind  of  quartzite,  and  oc- 
casionally even  acquires  a  columnar  structure,  the 
prisms  being  directed  outwards  from  the  sides  of  the 
dyke.  But  the  alteration  seldom  exceeds  a  few  feet 
Shales  suffer  more,  as  they  are  found  baked  into  a 
kind  of  porcelain -jasper ;  but  this  may  frequently  be 
observed  not  to  extend  more  than  an  inch  or  two  into 
the  rock;  while  along  many  dykes  the  shales  show 
scarcely  any  perceptible  hardening.  It  is  where  they 
come  in  contact  with  carbonaceous  shales,  or  still  more 
with  seams  of  coal,  that  dykes  and  intrusive  sheets  pro- 
duce their  most  marked  metamorphism.  The  coal  has 
sometimes  been  entirely  consumed,  and  a  layer  of  igneous 
rock  has  taken  its  place.  At  other  times  a  thin  sheet  of 
molten  lava  has  been  injected  along  the  top,  bottom,  or 
centre  of  the  coal-seam,  converting  it  into  a  kind  ot 
anthracite  or  a  mere  cinder.  Examples  may  be  found 
where  the  coal  has  been  fused  into  a  cellular  mass,  and 
has  subsequently  had  its  vesicles  filled  up  with  infiltrated 
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carbonate  of  lime.  In  Ayrshire  numerous  beautiful 
sections  have  been  laid  bare,  where  the  coal  has  been 
rendered  prismatic,  the  hexagonal  or  polygonal  prisms, 
like  so  many  bundles  of  pencils,  diverging  from  the  sur- 
face of  the  intruded  igneous  rock.  At  the  same  time 
it  is  where  they  have  inflicted  such  injury  upon  coals  and 
carbonaceous  shales,  that  the  igneous  masses  have  them- 
selves experienced  most  alteration.  The  most  solid 
black  crystalline  basalt,  where  it  runs  through  one  of  these 
strata  is  changed  into  a  pale  dull  yellow  or  white  clay,  so 
deceptively  like  some  of  the  fire-clays  of  the  Coal-fields 
that  it  will  hardly  be  admitted  by  most  observers  to  be 
anything  else  until  they  trace  out  its  relations.  But  they 
may  find  it  passing  insensibly  into  the  ordinary  condition 
of  basalt,  as  it  recedes  from  the  carbonaceous  bed  the 
combustion  of  which  had  reduced  its  oxides.  A  thin  sec- 
tion of  one  of  these  "white  rocks,"  placed  under  the  micro- 
scope, still  shows  traces  of  the  original  structure  of  the 
basalt,  but  with  the  component  minerals  entirely  altered. 

It  would  seem  that,  as  a  rule,  the  extent  of  alteration 
11  the  rocks  adjoining  an  intrusive  igneous  mass  bears 
some  proportion  to  the  size  of  the  latter.  We  may  be 
prepared  for  traces  of  the  change  at  a  greater  distance 
from  a  large  injected  sheet  than  from  a  small  dyke. 

The  "  necks  "  which  mark  the  sites  of  former  vol- 
canic funnels  are  filled  up  sometimes  with  crystalline 
rocks,  sometimes  with  tuff  or  coarse  agglomerate.  They 
descend,  of  course,  vertically  through  the  surrounding 
rocks,  which  are  sometimes  considerably  altered  all 
round.  They  vary  in  size  from  a  few  yards  to  a 
mile  or  more  in  diameter.  Many  interesting  examples 
have  been  mapped  in  the  course  o;  the  Geological 
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Survey  of  Scotland,  in  the  Old  Red  Sandstone,  Carbon 
iferous,  and  Permian  system. 

2.  laiterbedded  igneous  rocks  are  sheets  of  volcanic  ma- 
terial which  have  been  ejected  at  the  surface  and  have 
solidified  there.  Consequently,  whenever  they  can  be 
satisfactorily  determined,  they  show  the  former  existence 
of  volcanic  activity  on  or  near  to  their  site.  The  geological 
date  of  their  eruption  can  be  ascertained  by  an  exami- 
nation of  the  strata  with  which  they  have  been  contem- 
poraneously associated.  Thus,  for  instance,  if  we  find  a 
set  of  lavas  and  tuffs  interstratified  with  limestones  and 
shales  containing  Productus  giganteus,  Lingula  squami- 
formis,  Athyris  ambigua,  Lithostrotion  junceum,  &c.,  we 
conclude  without  hesitation  that  as  these  are  unequivo- 
cally Carboniferous  Limestone  fossils,  the  volcanic 
eruptions  must  have  taken  place  during  the  period  of 
the  Carboniferous  Limestone. 

It  is  important  therefore  to  be  able  to  determine  satis- 
factorily whether  or  not  a  group  of  igneous  rocks  has  been 
contemporaneously  poured  out  during  the  deposition  of 
the  formation  in  which  they  occur,  or  has  been  injected 
into  that  formation  probably  at  a  comparatively  recent 
date.  The  existence  of  unmistakable  beds  of  tuff  would 
settle  the  question.  These  rocks  consist  of  ejected 
volcanic  detritus,  and  must  have  been  laid  down  at  the 
surface ;  they  could  not  be  injected  as  in  the  case  of 
crystalline  rocks.  Whenever,  therefore,  we  encounter 
interstratifications  of  volcanic  tuff  in  a  group  of  sedi- 
mentary formations,  we  are  justified  in  regarding  them  as 
evidence  of  contemporaneous  volcanic  activity. 

But  the  proof  is  vastly  strengthened  when  we  find  not 
only  the  consolidated  volcanic  ashes,  but  also  the  lava- 
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streams  of  the  period.  A  truly  interbedded  sheet  of 
crystalline  rock  is,  in  fact,  a  lava-stream  which  has  been 
poured  out  at  the  surface,  either  on  land  or  under  water, 
and  shows  the  distinctive  characters  of  such  a  bed, 
Thus  it  is  commonly  rough  and  slag-like  towards  its 
top  and  bottom,  and  most  compact  about  the  centre. 
The  beds  lying  upon  it,  having  been  deposited  there  after 
the  emission  of  the  lava,  are  not  altered,  have  no  por- 
tions of.  their  strata  entangled  in  the  crystalline  rock, 
but,  on  the  contrary,  may  contain  detached  fragments 
of  the  latter. 


FIG.  53. — Upper  surface  of  an  interbedded  igneous  sheet  with  sedimentary 
strata  lying  upon  it. 


It  is  eminently  characteristic  of  lava  to  acquire  a  cel- 
lular texture,  from  the  expansion  of  the  abundant  steam 
imprisoned  within  it  at  the  time  of  eruption.  This  feature 
is  specially  developed  at  the  top  where,  the  pressure  being 
least,  the  vapour  has  had  most  freedom  of  motion.  As 
the  vesicles  appeared  while  the  rock  continued  to  move, 
they  may  frequently  be  observed  to  be  pulled  out  into 
oval  or  almond  shapes  (amygdaloidal)  in  the  direction  of 
the  motion  (Fig.  54).  Indications  of  this  kind  mark  the 
flow  of  lavas  in  all  geological  periods,  and  should  always 
be  noted  when  they  occur. 
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The  upper  part  of  a  lava-stream  still  in  motion  is  often 
a  confused  heap  of  rough  blocks  of  slag,  among  which 
rents  appear  opening  down  into  the  still  red-hot  mass 
underneath.  Many  of  these  rents  remain  unclosed  when 
the  lava  comes  to  rest.  If  we  imagine  such  a  cracked 
sheet  of  rock  to  have  sand  or  mud  laid  over  its  surface, 
the  cracks  would  certainly  be  filled  up  first,  and  if  the 
sand  were  brought  in  gradually,  there  might  be  time  for 
it  to  arrange  itself  in  a  stratified  manner  between  the 
walls  of  the  fissures.  No  better  evidence  could  be  given 
that  the  lava  must  have  been  poured  out  at  the  surface, 


FIG.    54. — Steam-holes  in  lava  drawn  out  in  the  direction  of  the  flow  of  the 

mass  \ef. )  and  becoming  more  and  more  flattened  till  on  the  line  a  b  they  are 

campressed  into  mere  streaks  and  give  a  fissile  structure  to  the  rock. 

and  not  injected  as  an  intrusive  sheet.  Evidence  of  this 
nature  abounds  in  many  parts  of  the  volcanic  rocks  of 
the  Old  Red  Sandstone  of  Scotland  (Fig.  55). 

In  these  examples  the  lava  was  succeeded  by  a  period 
of  volcanic  quiescence,  during  which  ordinary  sediment 
was  washed  over  its  surface.  Sometimes  the  lava-beds  in 
an  old  geological  formation  are  succeeded  by  beds  of 
volcanic  tuff,  or  these  two  kinds  of  rock  are  intercalated 
with  each  other  in  such  a  way  as  to  show  that  streams 
of  lava  and  showers  of  dust  and  stones  must  have  been 
erupted  too  rapidly  to  permit  of  the  accumulation  of  any 
prominent  beds  of  ordinary  sediment  between  them.  The 
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way  in  which  lavas  and  tuffs  sometimes  alternate  in  a 
series  of  ancient  strata  is  well  illustrated  in  Fig.  49,  which 
represents  the  characteristic  grouping  of  volcanic  and 
sedimentary  materials  in  the  Carboniferous  Limestone 
series  of  Linlithgovvshire.  In  the  diagram,  Fig.  27,  the 
series  of  rocks  marked  P  in  the  southern  part  of  the 
map  are  examples  of  interbedded  lavas  and  tuffs.  They 


FIG.  55:— Cracks  in  an  Olrl  Red  Sandstone  lava  which  have  been  filled  in  with 
sandstone  fro.n  above,  Coast  of  Kmcardineshire. 


occur  under  circumstances  very  similar  to  those  of  ordi- 
mary  stratified  rocks.  They  dip  one  below  the  other  in 
orderly  succession,  and  are  traversed  by  faults,  like  the 
beds  of  sandstone  and  conglomerate  which  lie  below, 
between,  and  above  them.  In  an  actual  volcanic  cone, 
where  only  volcanic  materials  occur,  a  more  complex 
arrangement  is  found.  Lavas  and  tuffs  there  succeed 
each  other  in  rapid  alternations,  often  cut  by  dykes  or 
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veins.  Instances  are  comparatively  rare  where  cones 
belonging  to  old  geological  periods  have  been  preserved. 
It  is  not  uncommon,  however,  to  meet  with  the  "  necks  " 
above  described,  which  may  be  regarded  as  the  roots 
or  stumps  of  cones  from  which  the  overlying  pile  of 
ejected  materials  has  been  worn  away  by  denudation 
(V  V  in  Fig.  27).  This  lower  or  downward  prolongation 
of  the  original  cone,  as  I  have  already  mentioned,  may 
consist  either  of  masses  of  lava  or  other  crystalline  rock, 
or  of  consolidated  fragmentary  materials.  In  the  latter 
case  the  tuff  or  agglomerate  has  sometimes  become  itself 
crystalline,  owing,  no  doubt,  to  the  long  continued  up- 
ward passage  of  steam,  hot  vapours,  and  gases  through 
the  volcanic  vent  after  the  explosions  ceased. 

As  illustrations  of  the  way  in  which  the  structure  of  a 
volcanic  region  is  worked  out  and  expressed  upon  a  map, 
I  may  refer  to  the  sheets  of  the  Geological  Survey  of 
England  and  Wales,  particularly  75  and  78,  embracing 
the  Snowdon  region ;  and  to  sheets  22,  23,  32,  33,  and  40 
of  the  Geological  Survey  of  Scotland,  showing  the  de- 
velopment of  the  volcanoes  of  the  Old  Red  Sandstone, 
Carboniferous,  and  Permian  periods  in  the  midland 
districts  of  Scotland. 

The  deep-seated  or  plutonic  rocks  include  granite  and 
the  massive  rocks  associated  intrusively  with  the  crystal- 
line schists.  They  contain,  of  course,  no  true  fragmental 
series.  They  have  no  cellular,  scoriform  portions,  which 
could  only  be  formed  towards  the  surface,  where  by  relief 
from  pressure,  the  imprisoned  steam  had  liberty  to 
expand  and  push  aside  the  particles  of  the  still  fluid 
rock.  Having  cooled  slowly  under  great  pressure,  they  are 
often  highly  crystalline.  They  occur  as  huge  amorphous 
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masses,  sometimes  seventy  miles  long,  as  in  the  granite 
of  the  south-east  of  Ireland.  They  also  assume  the 
form  of  veins  and  dykes,  often  ramifying  in  the  most 
complex  way  through  the  rocks  which  they  traverse. 

These  features  can  be  well  studied  round  the  flanks  of 
a  large  mass  of  granite  (Fig.  56).  A  network  of  veins 
may  sometimes  be  seen  proceeding  from  the  granite, 
intersecting  each  other  and  inclosing  portions  of  the 
surrounding  rock.  The  veins  vary  from  a  breadth  of 
many  yards  down  to  the  merest  thread.  A  marked  varia- 
tion in  lithological  character  may  be  observed  as  a  rule 
to  attend  these  changes  in  the  dimensions  of  the  veins. 


FIG.  56  —Granite  veins,  Cornwall.    (De  la  Beche.) 

The  larger  veins  may  consist  of  crystalline  granite,  like 
that  of  the  main  mass ;  but  as  they  ramify  and  diminish 
they  pass  into  an  elvanite  or  fine-grained  felsite.  Round 
the  flanks  of  a  granitic  mass  the  sedimentary  strata 
are  found  to  be  much  altered,  passing  even  into  crystal- 
line schists.  The  breadth  of  metamorphosed  rock 
often  exceeds  a  mile. 


CHAPTER  XIII. 

SCHISTOSE    ROCKS — MINERAL   VEINS. 

A  GEOLOGIST  who,  with  some  little  experience  of  strati- 
fied and  igneous  rocks,  finds  himself  for  the  first  time  in 
a  region  of  gneiss  and  schist,  meets  on  every  hand  with 
phenomena,  which,  though  he  may  be  familiar  enough 
with  the  descriptions  of  them  in  books,  cannot  but 
strike  him  as  strangely  anomalous  when  he  comes 
actually  face  to  face  with  them  in  nature.  The  rocks 
are  certainly  crystalline,  and  in  small  fragments  or 
hand-specimens  may  often  recall  some  of  the  igneous 
rocks  with  which  he  may  already  be  acquainted.  But 
when  he  looks  at  them  in  mass  they  have  an  arrange- 
ment of  their  component  minerals  such  as  he  never  ob- 
served in  any  igneous  rock.  The  felspars,  hornblende, 
quartz,  mica,  and  other  abundant  minerals,  are  disposed  in 
more  or  less  regular  wavy  lines,  and  the  rock  splits  along 
these  lines  more  readily  than  in  other  directions.  Again, 
so  distinct  sometimes  are  the  parallel  seams  of  different 
mineral  composition,  that  the  rocks  might  at  first  be 
mistaken  for  ordinary  sedimentary  strata.  Yet  a  little 
further  examination  shows  that  the  layers  or  folia  are 
welded  or  felted  into  each  other  by  the  interweaving  of 
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their  crystalline  constituents,  that  they  are  usually  very 
inconstant,  that  they  are  apt  to  thicken  out  capriciously 
into  concretions  and  thin  away  rapidly,  and  that  they 
often  possess  a  curious  puckered  or  crumpled  charac- 
ter, which  can  be  seen  in  large  contortions  on  the  face  of 
a  mountain,  and  descends  even  into  such  minute  forms 
as  can  only  be  observed  with  a  microscope.  It  is  evident 
that  rocks  presenting  such  remarkable  characters  must 
offer  many  points  of  difficulty  as  well  as  of  interest  to  the 
field-geologist. 

In  beginning  the  examination  of  a  region  of  foliated 
rocks,  the  observer  may  of  course  dismiss  from  his  mind 
the  idea  of  receiving  help  from  organic  remains.  In  rare 
instances  indeed  traces  of  fossils  have  been  obtained  from 
schistose  rocks,  or  from  altered  limestones  associated  with 
these  rocks.  But  this  is  an  accident  not  to  be  counted 
upon.  With  the  absence  of  palseontological  assistance 
there  is  also  a  great  lack  of  stratigraphical  aids,  so  that  the 
learner  may  be  led,  after  a  few  efforts,  to  give  up  as  hope- 
lessly impracticable  the  task  of  making  out  any  structure  of 
the  ground.  Yet  he  will  be  surprised  in  the  end  with  what 
can  be  done  by  patiently  observing  the  puzzling  masses. 
He  may  be  led  to  collect  their  minerals,  and  if  so,  will  find 
them  in  many  places,  particularly  among  the  limestones, 
to  be  a  rich  storehouse  of  beautiful  and  interesting  varieties. 
By  degrees  he  will  discover  that  particular  rocks  are  dis- 
tinguishable by  special  minerals,  and  he  may  even  be  able 
to  trace  such  rocks  or  bands  of  rock  across  the  mountains 
by  means  of  these  peculiar  minerals,  which  will  thus  be 
put  to  the  same  kind  of  use  as  fossils  are  by  the  strati- 
grapher.  Gradually  the  idea  of  following  the  same  band 
among  the  contorted  masses  of  the  schistose  rocks  will 
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seem  to  him  more  and  more  feasible ;  and  he  may  at 
length  be  induced  seriously  to  make  the  attempt  to 
unravel  the  complicated  geological  structure  of  the 
region. 

In  these  investigations  I  have  found  that  four  points 
deserve  to  be  kept  steadily  in  view.  i.  The  nature  and 
distribution  of  the  minerals.  2.  The  varieties,  distribu- 
tion, and  alternations  of  the  rocks.  3.  The  direction  of 
the  prevalent  foliation.  4.  The  position  of  the  axes  of 
contortion,  and  the  dip  of  the  rocks  from  them. 

i.  As  I  have  just  said,  the  minerals  for  which  regions 
of  gneiss  and  schist  are  celebrated  may  be  employed  by 
the  stratigraphical  geologist  much  as  he  would  use  fossils. 
Of  course  they  have  a  far  wider  meaning  than  this. 
Besides  their  own  beauty,  they  -afford  endless  interest 
and  instruction  in  the  light  they  cast  upon  the  formation 
of  the  rocks  among  which  they  occur,  and  in  the  problems 
they  present  to  us  regarding  mineral  growth.  But  these 
aspects  must  be  studied  chiefly  in  the  laboratory,  and 
with  the  microscope.  In  field-geology,  the  observer 
notes  as  many  facts  as  strike  his  mind  in  connection  with 
theoretical  speculation,  but  for  his  own  work  at  the  time 
it  is  the  association  and  distribution  of  the  minerals 
which  are  of  prime  importance.  He  will  therefore  watch, 
as  he  traverses  the  mountains,  under  what  circumstances 
special  minerals  occur.  Let  us  suppose  for  example,  that 
he  encounters  a  rock  containing  the  beautiful  blueish- 
grey  mineral  called  kyanite.  He  carefully  notes  how  it 
occurs,  with  what  other  minerals  associated,  and  in  what 
kind  of  rock.  Wherever  he  comes  upon  a  fragment  of 
the  mineral  he  tries  to  find  it  in  situ,  and  if  successful, 
compares  the  new  habitat  with  those  previously  observed. 
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Let  us  further  assume  that  he  discovers  it  always  to  lie 
in  the  same  long-bladed  plates  or  prisms,  with  the  same 
associated  group  of  minerals,  and  in  the  same  or  a  similar 
kind  of  rock.  This  fact  established  would  be  one  of 
high  importance  in  any  attempt  to  work  out  the  geologi- 
cal structure  of  the  district.  In  many  wide  regions,  how- 
ever, no  such  special  mineral  zones  are  to  be  seen.  The 
rocks  possess  a  singular  monotony  of  character,  or  their 
abundant  minerals  are  not  confined  to  special  horizons, 
so  that  if  their  order  is  to  be  determined,  it  must  be  done 
by  some  other  method  than  that  furnished  by  mineral 
evidence. 

2.  But  where  the  rocks  furnish  no  specially  prominent 
mineral  zones,  they  often  present  in  themselves  great 
varieties  of  composition,  structure,  and  texture.  The 
observer  will  duly  note  these  characters  in  connection 
with  their  bearing  upon  the  history  of  the  rocks.  He 
will  also  try  to  ascertain  whether  they  have  any  persist- 
ence, and  can  be  utilised  as  helps  towards  understanding 
the  arrangement  of  the  rock-masses.  For  example,  he 
discovers,  let  us  suppose,  a  coarse-grained  mass  of  gneiss 
with  large  crystals  of  pink  orthoclase — so  peculiar  a  rock 
that  even  small  fragments  can  readily  be  recognised. 
After  examining  its  lithological  characters,  he  proceeds  to 
investigate  its  surroundings.  He  finds  that  though,  when 
looked  at  in  detail,  it  seems  structureless,  like  a  coarsely 
crystallized  granite,  yet  that  a  distinct  foliated  structure 
exists  throughout  its  mass,  and  that  parallel  with  this 
foliation  there  occur,  on  either  side,  bands  of  a  different 
composition,  such  as  folia  of  hornblende  and  quartz,  or 
of  felspar  and  mica,  or  of  some  other  combination  of 
the  same  or  other  minerals,  sufficient  to  mark  off  these 
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bands  from  the  gneiss.  Hence  the  gneiss  itself  is  a 
thick  bed  or  bed-like  mass,  and  its  continuation  must  be 
traced  along,  and  not  across,  the  line  of  foliation.  If  it 
can  be  followed  from  point  to  point  for  some  distance, 
its  outcrop  will  become  a  line  or  horizon  from  which  to 
work  out  the  structure,  and  estimate  the  thickness  of  the 
rocks  of  the  district. 

Bands  of  limestone  are  particularly  valuable  as  guides 
in  unravelling  the  structure  of  a  schistose  country.  Their 
line  of  outcrop  can  frequently  be  followed  even  from  a 
distance  by  the  track  of  brighter  green  herbage,  supported 
by  the  richer  calcareous  soil  which  they  yield,  and  con- 
trasting sometimes  strongly  with  the  brown  moorland  on 
either  side.  In  a  cultivated  region,  especially  where  the 
surface  is  obscured  by  superficial  accumulations,  quarries 
may  often  be  found  in  the  limestone,  admitting  of  an 
inspection  of  its  character  and  mineral  contents.  Lime- 
stone bands,  moreover,  among  schistose,  as  among 
ordinary  sedimentary  strata,  are  not  infrequently  dis- 
tinguished by  their  continuity. 

Each  district  must  be  judged  of  by  itself,  and  according 
to  its  local  peculiarities  will  be  the  choice  of  zones  by 
the  geologist.  He  will  endeavour  to  ascertain  in  what 
order  the  different  varieties  of  rock  succeed  each  other, 
whether  or  not  in  any  continuous  section  he  can  deter- 
mine an  order  of  succession  among  them,  and  whether  if 
such  an  order  can  be  made  out  in  one  place,  it  can  be 
extended  to  others. 

3.  Apart  from  the  constant  variations  in  the  lithological 
nature  of  the  rocks,  it  is  desirable  to  observe  whether 
there  is  any  persistent  strike  in  the  foliation.  Over 
large  tracts  of  the  Highlands  of  Scotland,  the  direction  of 
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the  foliation  of  the  schists  is  as  persistent,  constant,  and 
easily  traced  as  the  strike  of  any  series  of  sedimentary 
formations.  On  the  other  hand,  variations  in  the  line  of 
strike  will  be  noted,  if  possible  on  a  map,  that  their 
bearing  on  the  geological  structure  of  the  ground  may 
be  eventually  ascertained. 

4.  All  foliated  rocks  present,  with  greater  or  less 
prominence,  proofs  of  having  been  intensely  compressed. 
Sometimes  they  appear  to  be  ranged  vertically,  like 
books  in  a  library.  But  a  long  line  of  bedded  rocks  set 
on  end  means,  as  we  have  already  seen,  that  they  have 
been  folded  upon  themselves,  and  that  the  tops  of  the 
folds  have  been  cut  away.  (See  p.  137,  Fig.  44.)  If  it  is 
difficult  to  follow  out  the  structure  of  a  crumpled  region 
of  ordinary  sedimentary  rocks,  it  is  tenfold  more  arduous 
to  make  progress  in  one  of  the  crystalline  schists.  The 
observer,  however,  may  dp  much  by  making  numerous 
and  careful  observations  of  the  direction  and  angle  of  dip, 
where  he  finds  that  the  folia  are  not  vertical.  In  this 
way  he  may  detect  lines  of  anticlinal  and  synclinal 
axes,  and  if  he  be  fortunate  enough  to  meet  with 
any  recognisable  bands  among  the  rocks,  he  may,  by 
tracing  them  in  their  successive  outcrops  on  different 
sides  of  these  axes,  succeed  in  deciphering  the  geolo- 
gical structure  of  the  area.  I  have  used  this  method 
with  success  among  the  greatly  contorted  schists  of  the 
Scottish  Highlands. 

Every  fact  which  can  throw  light  upon  the  circum- 
stances in  which  the  foliated  rocks  were  produced 
deserves  the  careful  attention  of  the  geologist  in  the 
field.  It  is  often  possible,  for  instance,  to  trace  among 
the  arenaceous  members  of  the  series  relics  of  the  false 
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bedding  so  characteristic  of  ordinary  sandstones.  Many 
schists  are  interleaved  with  bands  of  grit  full  of  water-worn 
pebbles  of  different  materials.  Even  bands  of  conglo- 
merates may  be  traced  among  them.  These  and  similar 
data  go  to  prove  that  the  rocks  were  originally  sedimentary 
strata,  and  that  their  peculiar  foliated  structure  has  been 
superinduced  upon  them  over  wide  regions,  as  it  has  been 
upon  similar  rocks  in  the  metamorphosed  band  round 
masses  of  granite.  Foliation  or  the  crystallization  of 


FIG.  57. — Foliation  of  mica-schist  and  grit -bands,  caincident  wuh  bedding. 

mineral  aggregates  in  definite  laminse  must  have  taken 
place  along  the  dominant  divisional  planes  of  the  rock. 
In  the  great  majority  of  cases  these  planes  would  doubt- 
less be  those  of  original  stratification.  The  coincidence 
between  the  direction  of  foliation  and  stratification  is  well 
brought  out  by  the  sharply- defined  bands  of  hardened 
sandstone,  grit,  conglomerate,  &c.,  which  divide  many 
masses  of  schist  exactly  as  they  might  do  masses  of 
shale  (Fig.  57). 
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MINERAL   VEINS. 

In  connection  with  the  schistose  rocks  I  may  refer 
to  mineral  veins  which  so  often  traverse  these  masses, 
though  also  found  abundantly  among  stratified  forma- 
tions, and  even  in  igneous  rocks.  Like  lines  of  fault, 
with  which  indeed  they  often  coincide,  mineral  veins, 
that  is,  veins  filled  with  segregated  minerals  of  various 
kinds  different  from  the  surrounding  rock,  do  not  in 
the  majority  of  cases  appear  at  the  surface.  Their 
existence  must  be  determined  from  other  evidence,  there- 
fore, than  actual  visible  sections  of  them.  If  the  geolo- 
gist is  at  work  in  a  district  where  veins  of  this  kind 
occur,  he  should  endeavour  as  early  as  possible  to  make 
himself  familiar  with  the  characteristic  mineral  substances 
which  may  constitute  the  chief  part  of  the  veins.  Such 
minerals  as  quartz,  barytes,  calcite,  and  other  "vein- 
stones," as  they  are  called,  are  of  common  occurrence, 
but  often  exhibit  local  peculiarities  by  which  they  may 
be  recognised  and  traced  to  their  sources.  Having  ex- 
amined sections  of  some  of  the  mineral  veins,  and  learnt 
the  way  in  which  the  vein-stones  are  associated  with  any 
metalliferous  ore,  the  observer  may  be  on  the  watch  for 
evidence  of  the  occurrence  of  the  veins  elsewhere.  He 
follows  with  this  view  the  same  plan  as  that  which  I  have 
already  described  with  reference  to  the  tracing  of  the 
limits  of  formations  by  means  of  scattered  surface  frag- 
ments. In  ascending  a  stream  or  a  hill-side,  he  takes 
note  of  any  marked  number  of  pieces  of  vein-stone,  and 
of  the  point  beyond  which  they  grow  fewer  or  cease. 
Having  thus  got  a  rough  indication  of  the  existence  of 
one  or  more  veins,  he  proceeds  to  a  more  minute  search 
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over  that  part  of  the  ground,  and  unless  the  rocks  should 
be  too  much  concealed,  he  may  hope  to  meet  with  an 
indication  of  the  actual  outcrop  of  the  vein.  It  is  not 
always,  nor  perhaps  often,  safe  to  pronounce  as  to  the 


FIG.  58. — Map  of  part  of  the  mining  district  of  Gwennap,  Cornwall,  aa,  granite  ; 
cc,  the  surrounding  schistose  rocks;  66,  elvan  dykes;  s,  "greenstone;" 
w  and  dd,  two  sets  of  metalliferous  veins,  or  lodes  and  cross-courses.  (De 
la  Beche's  Geological  Observer,  p.  566. ) 


commercial  value  of  such  a  vein  from  surface  evidence 
of  this  kind.  The  rock  may  need  to  be  opened  up,  and 
boring  or  mining  may  be  required  for  some  way  below  the 
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surface  before  a  reliable  opinion  can   be  expressed  as  to 
whether  or  not  the  vein  may  be  worked  to  profit. 

Mineral  veins  commonly  run  in  straight  or  slightly 
bent  lines,  and  often  may  be  grouped  in  two  or  more 
series,  one  of  which  is  usually  cut  by  the  others,  form- 
ing thus  a  network  of  main-veins  and  cross-veins.  The 
disposition  of  these  veins  may  be  inferred  from  the 
accompanying  map  of  a  portion  of  one  of  the  mineral 
tracts  of  Cornwall  (Fig.  58).  The  metalliferous  cha- 
racter of  a  vein  is  apt  to  vary  with  the  nature  of  the 
rock ;  plenty  of  ore  may  be  obtained  so  long  as  the  vein 
runs  in  one  rock,  but  the  supply  is  apt  to  diminish,  or 
even  to  die  out  altogether  in  another  rock. 


CHAPTER  XIV. 

SURFACE     GEOLOGY. 

IN  the  foregoing  pages  we  have  been  dealing  almost  en- 
tirely with  the  solid  rocks,  their  structure  and  behaviour 
as  constituent  portions  of  the  earth's  crust  Allusions 
have  been  made  to  their  superficial  aspects  and  to  the 
loose  accumulations  of  various  kinds  by  which  they  are 
so  often  concealed.  In  this  chapter  let  us  look  cursorily 
at  a  few  of  the  aspects  of  what  is  sometimes  called 
"  surface  geology." 

And  first,  of  the  influence  of  the  solid  rocks  upon  the 
surface.  The  distinctive  characters  imparted  by  some 
rocks  to  scenery  have  already  been  referred  to.1  Some- 
times it  is  a  question  of  relative  durability.  The  chalk 
escarpment  in  the  south  of  England,  for  example,  stands 
out  so  prominently  because  it  is  underlaid  by  more  easily 
degraded  sands.  Certain  portions  of  a  rock  may  rise  high 
above  the  rest  because  of  some  particular  power  of  resist- 
ance theymay happen  to  possess.  But  one  leading  influence 
in  the  gradual  degradation  of  all  rocks  is  supplied  by  their 
joints.  Every  one  who  has  looked  into  a  quarry  or  railway- 
cutting,  or  has  seen  a  coast-cliff  or  a  river-ravine,  has 
1  See  ante,  p.  67. 
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had  many  a  joint  under  his  eyes.  They  are  familiar  to 
the  quarryman  and  miner,  by  whom  their  directions  are 
always  well  known,  seeing  that  they  determine  the  course 
along  which  quarrying  and  many  mining  operations  pro- 
ceed. When  the  geologist  is  engaged  in  hilly  or  moun- 
tainous ground,  among  crags  and  rock-pinnacles,  or  on 
exposed  coast-cliffs,  he  should  not  fail  to  note  with  some 
care  the  trend  of  the  different  joints.  He  will  soon 


FIG.  $9.— Cliff  cut  into  buttresses  and  recesses  by  means  of  the  vertical  joints  of 
the  rocks. 


find  that  they  in  each  place  run  in  two  or  more  domi- 
nant directions.  And  a  little  further  examination  will 
usually  enable  him  to  connect  the  forms  of  the  cliffs 
with  the  lines  of  joint.  He  will  observe  how  one 
set  of  joints  runs  parallel  with  the  face  of  a  cliff,  and  is 
cut  across  by  another  series,  and  how  the  quadrangular 
buttresses  of  rock,  which  may  shoot  up  perhaps  into 
spiry  pinnacles  at  the  top,  have  their  shape  first  given  to 
them  by  the  intersecting  lines  of  joint  (Fig.  $9). 

With  regard  to  the  superficial  deposits  of  a  district, 
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the  first  aim  of  the  geologist  is  to  gather  all  available  facts, 
not  only  from  the  sections  exposed  in  natural  openings, 
as  well  as  in  quarries  and  other  artificial  exposures,  but, 
where  needful,  from  the  records  of  well-sinkings,  borings, 
foundation- diggings,  and  all  other  kinds  of  excavations. 
The  naming  of  the  deposits,  so  far  as  their  lithological 
characters  go,  will  usually  be  an  easy  task  ;  but  it  may  be 
more  difficult  to  determine  their  relative  order  of  appear- 
ance and  the  circumstances  under  which  each  was  formed. 
A  few  examples  of  the  kind  of  examination  which  may 
be  made  will  here  suffice. 

Peat-mosses. — These  accumulations  of  marshy  vegeta- 
tion play  an  important  part  in  the  surface  geology  of  many 


FIG.  60.— Plan  of  a  peat-moss  which  has  filled  up  a  former  shallow-lake,  except 
one  small  patch  of  water. 


tracts  of  Western  Europe.  In  endeavouring  to  ascertain 
the  history  of  a  peat-moss  we  have  first  to  consider  the 
form  of  the  surrounding  ground,  and  to  judge  whether 
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any  lake  could  have  probably  existed  on  its  site.  In 
some  cases,  indeed,  we  may  still  detect  a  portion  of  the 
original  lake  surrounded  and  continually  lessened  by  the 
advancing  peat  (Fig.  60).  It  is  easy  to  see  that  at  a  com- 
paratively recent  period  the  aspect  of  these  tracts  of 
country  must  have  been  very  different  from  what  it  is 


FIG.  61. — Section  of  a  peat-moss  made  in  the  excavation  of  peat  for  fuel. 

to-day.  Ireland,  for  example,  must  have  been  an  island 
of  shallow  lakes  instead  of  peat-bogs.  Underneath  the 
peat  a  layer  of  fresh-water  marl  may  frequently  be  found 
full  of  such  typically  lacustrine  shells  as  Lymnea,  Palu- 
dina,  Planorbis,  and  Cyclas.  These  underlying  layers 
should  always  be  diligently  searched  for  bones  of  mam- 
malia. The  wild  oxen  and  deer  of  the  time  of  the 
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lakes  and  early  morasses  have  often  left  their  remains  at 
the  bottom  of  the  mosses.  Human  relics  ought  also  to 
be  looked  for.  Canoes  and  stone  implements  are  often 
taken  out  of  peat  deposits.  Stockaded  islets  or  cran- 
noges  may  likewise  now  and  then  be  found.  It  is  always 
desirable  to  enlist  the  co-operation  of  the  workpeople  at 
such  places,  as  they  are  far  more  likely  than  an  occasional 
visitor  to  come  upon  objects  of  interest. 

Brick-earth. — Where  a  thick  deposit  of  loam  or  earth 
covers  the  surface,  especially  on  the  slopes  of  broad  river- 
valleys,  attention  should  be  directed  to  its  composition 
and  contents.  If  it  contains  occasional  land-shells,  is 


FIG.  62.— River  terraces. 

not  very  well  stratified,  shows  no  lines  of  gravel,  nor  any 
water-worn  stones,  and  has  never  yielded  either  a  lacus- 
trine, fluviatile,  or  marine  shell,  it  may  be  presumed  to 
be  a  subaerial  formation  due  to  the  long-continued  action 
of  rain  or  wind,  gently  moving  the  soil  down  to  the  lower 
grounds.  In  the  lower  parts  of  the  valley  of  the  river 
Thames  thick  accumulations  of  this  kind  occur,  and 
their  antiquity  is  indicated  by  the  peculiar  assemblage 
of  extinct  mammalia,  including  forms  of  elephant,  rhino- 
ceros, and  hippopotamus,  which  they  contain. 

River  Terraces. — These  conspicuous  features  of  most 
river  valleys  can  be  easily  traced  along  either  side.  The 
observer  ascertains  the  number  of  terraces  (in  the  valleys 
of  British  rivers  there  are  commonly  three),  and  their 
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general  average  height  above  each  other  and  above  the 
present  mean  level  of  the  river.  He  compares  the  cha- 
racter of  their  deposits,  and  seeks  for  any  information 
thence  obtainable  as  to  variation  in  the  conditions  of 
the  river.  He  keeps  his  eye  constantly  open  to  the  pos- 
sible discovery  of  organic  remains  in  the  terraces,  more 
especially  in  those  of  greater  altitude,  which  being  the 
oldest  ought  to  contain  the  earliest  forms  of  life.  Rudely- 
chipped  flint-instruments,  or  more  deftly-fashioned  celts 
occurring  in  the  undisturbed  strata  of  a  terrace,  prove 
that  man  inhabited  the  district  when  the  river  flowed 
over  these  strata. 

Surface  Mounds. — In  most  districts  the  field-geologist 
meets  with  mounds,  as  to  the  origin  of  which  he  at  first 
may  be  puzzled,  if  indeed  he  ever  comes  to  any  satis- 
factory conclusion  regarding  them.  The  first  question 
he  will  ask  is,  Are  they  of  human  construction  ?  Having 
satisfied  himself  that  they  are  not,  he  may  try  to  find 
some  other  origin  for  them  by  examining  their  compo- 
sition, where  any  available  section  can  be  found,  and  the 
nature  of  the  surrounding  ground.  Mounds  close  to  the 
level  of  a  river  must  always  be  regarded  with  a  prelimi- 
nary suspicion  of  being  relics  of  a  formation  elsewhere 
removed  by  the  erosive  action  of  the  stream.  Mounds 
of  sand  and  gravel  scattered  across  a  district  may  either 
be  due  to  the  irregular  denudation  of  a  once  continuous, 
though  perhaps  unequal,  covering  of  these  loose  materials, 
or  to  the  shapes  assumed  at  the  time  of  deposition.  In 
the  former  case  we  should  expect  to  find  that  sections 
cut  into  the  mounds  would  show  the  present  slopes 
to  have  been  cut  across  the  bedding  of  any  strata 
which  may  occur.  In  the  latter  case  we  should 
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probably  meet  with  instances  of  a  conformity  between 
the  external  slopes  of  the  mounds  and  the  inclination  of 
the  layers  of  sand  or  gravel  inside  ;  and  this  conclusion 
as  to  the  mounds  being  the  original  shape  assumed  by 
the  loose  materials  at  the  time  of  their  deposit  would  be 
amply  confirmed  if  we  saw  little  basins  filled  with  water 
or  with  peat,  lying  between  the  mounds,  for  it  is  evident 
that  had  the  slopes  been  due  to  atmospheric  denudation 
these  hollows  must  necessarily  have  been  filled  up,  or 
rather  could  not  have  been  formed.  Mounds  of  this 
kind,  deriving  their  peculiar  forms  from  the  circumstances 
of  their  formation,  are  abundant  in  the  north  of  Britain 
and  in  Scandinavia.  Some  of  them  lie  on  open  moors  or 
hill-sides,  and  on  watersheds.  These  are  known  as  eskers, 
kames,  or  osar.  A  second  kind  occurs  in  valleys  among 
the  hills,  with  the  forms  of  rude  crescent-shaped  ridges 
curving  from  side  to  side  of  their  valleys,  sometimes  in- 
closing small  lakes  :  these  are  unmistakably  the  mo- 
raine-heaps of  local  glaciers.  A  third  kind  consists  of  a 
stiff,  stony,  boulder-clay  or  earth.  The  mounds  of  this 
type  are  arranged  in  one  general  line  across  wide  tracts 
of  low  ground  in  Ireland  and  Scotland,  where  they  are 
known  as  drums.  They  belong  to  the  older  glacial 
formations  of  the  country. 

Boulders  and  Travelled  Stones. — In  most  countries 
where  hard  rocks  of  any  kind  protrude  above  the  soil, 
scattered  blocks  of  stone  may  be  observed.  When 
these  are  of  large  size,  and  have  no  visible  rock  near 
them,  they  are  commonly  assumed  to  be  erratic  masses 
which  have  been  carried  by  ice  to  their  present  positions. 
Before  accepting  this  interpretation,  however,  the  observer 
should  endeavour  to  ascertain  whether  they  are  really  of 
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a  material  foreign  to  the  district.  In  many  cases  he  will 
find  that  they  are  not ;  that  on  the  contrary,  their  parent 
rocks,  or  at  least  rocks  having  precisely  the  same  litho- 
logical  characters,  lie  near  at  hand.  Thus,  the  well- 
known  Druid  or  Sarsen  stones  so  abundantly  strewn  over 
the  plains  of  Wiltshire,  were  formerly  supposed  to  have 
been  carried  from  some  extraneous  source,  but  are 
now  recognised  as  fragments  from  a  continuous  stratum 
which  once  covered  that  part  of  the  country.  It  is  sur- 
prising over  what  a  slight  inclination  large  blocks  may 
slowly  move  in  the  course  of  years,  as  the  soil  under- 
neath is  mixed  by  worms  and  roots,  and  gradually  shifted 
towards  lower  levels.  Sometimes  escarpments  which 
once  supplied  a  crop  of  blocks  to  the  slopes  below,  get 
gradually  buried  under  their  own  debris,  and  are  in  the 
end  earthed  and  grassed  over,  so  that  those  blocks  which 
may  still  remain  exposed,  and  have  survived  the  crags  that 
supplied  them,  might  be  taken  for  far-transported  erratics. 
It  is  essential,  therefore,  when  the  observer  wishes  to  de- 
termine beyond  question  whether  a  particular  boulder  is 
due  merely  to  the  disintegration  of  a  rock  in  situ  or  to 
transport  from  some  distance,  first  of  all  to  make  sure  that 
there  is  no  parent  rock  in  the  immediate  vicinity  to  which 
the  rock  can  possibly  be  referred,  either  because  its 
composition  is  different,  or  because  its  position  shows 
that  it  could  not  have  come  by  mere  ordinary  decay  and 
removal.  If  he  can  prove  that  the  block  is  foreign  to 
the  district,  or  that  though  rocks  of  the  same  character 
occur  they  could  not  have  supplied  the  block  in  question 
except  by  the  intervention  of  some  unusual  agent  which 
moved  it  into  its  present  position,  he  will  establish  that 
at  all  events  the  boulder  is  a  transported  one. 


174  OUTLINES  OF  FIELD-GEOLOGY.  [CHAP. 

What  may  have  been  the  agent  of  transport  must  be 
decided  by  the  particular  evidence  in  each  case.  In  a 
river  valley,  blocks  within  reach  of  the  present  or  former 
currents  may  have  been  moved  downward  by  river 
floods.  Waves  can  throw  up  blocks  of  considerable 
size,  and  even  quarry  them  out  of  their  solid  beds  in  the 
parent  rock  at  heights  of  seventy  feet  or  more  above  high 
water.  To  the  freezing  of  the  sea  around  shore-blocks 
and  the  subsequent  breaking  up  of  the  ice,  the  trans- 
port of  considerable  masses  of  rock  along  shore 
has  been  due.  Icebergs  have  been  observed  at  sea 
with  blocks  of  stone  and  heaps  of  rock-rubbish  lying 
upon  them.  Glaciers  transport  enormous  quantities  of 
loose  blocks  of  rock  and  earth  from  the  upper  valleys. 
Undoubtedly  ice  has  been  the  great  agent  in  the  distri- 
bution of  erratic  blocks ;  but  whether  in  the  form  of 
floating-ice,  of  glaciers,  or  of  a  great  general  sheet  of 
land-ice,  must  be  decided  in  each  district,  not  only  from 
the  evidence  of  the  blocks  themselves,  but  from  the  other 
data  obtainable  as  to  the  glaciation  of  the  country. 

Glaciation. — Only  a  very  few  words  are  possible  here 
on  this  wide  and  fascinating  subject,  regarding  which  of 
course  the  reader  has  ample  means  of  information  from 
the  voluminous  literature  already  devoted  to  it.  Certainly 
among  the  many  superficial  characters  of  interest  found 
in  the  northern  parts  of  the  northern  hemisphere,  as  well 
as  in  mountain-tracts  in  other  regions  of  the  globe,  few 
offer  such  temptations  to  their  study  as  the  smoothed  and 
striated  surfaces  left  upon  rocks  by  the  passage  of  sheets 
of  ice  across  them.  They  occur  in  such  unlooked-for 
places,  and  among  surroundings  now  suggestive  of  almost 
any  other  physical  condition  than  that  of  an  Arctic  ice- 
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sheet.  When  the  field-geologist  has  once  seen  this  kind 
of  surface,  he  is  not  likely  to  confound  it  with  any  other. 
The  only  one  for  which  it  sometimes  might  be  mistaken 
is  that  termed  slickensides,  where  the  two  walls  or  faces  of 
a  joint  or  fault  have  slid  upon  one  another  so  that  each 
side  is  rubbed  smooth,  polished,  and  grooved.  But  a 
little  practice  and  the  study  of  good  examples  will  give 
the  observer  such  confidence  in  discriminating  between 
them  as  he  cannot  acquire  in  any  other  way.  The  glacial 


FIG.  63. — Ice-worn  hummocks  of  rock,  the  arrow  pointing  in  the  direction  of  the 
ice-movement. 


striation  is  a  merely  superficial  marking.  The  ruts  are 
often  paler  than  the  rest  of  the  rock,  as  scratches  on  a 
fresh  rock-surface  are,  and  though  marked  in  each  case 
by  one  prevalent  direction,  are  found  often  to  cross  each 
other  obliquely.  There  is  generally  great  variety  in  the 
size  and  depth  of  the  striae ;  some  being  such  fine  lines 
as  might  have  been  graven  by  the  point  of  a  quartz- 
crystal,  others  closely  adjacent  being  blunt  and  coarse 
as  if  produced  by  the  edge  of  an  angular  block  of  stone. 
Moreover  the  striated  surfaces  are  undulating  and  dimpled, 


1 76  OUTLINES  OF  FIELD-GEOLOGY.  [CHAP. 

the  striae  descending  into  and  rising  out  of  these  inequali- 
ties. Here  and  there,  the  groovings  may  be  seen  rising 
up  a  sloping  boss  of  rock,  but  if  the  inclination  of  the  rock 
becomes  steep  the  markings  diverge  on  either  side  of  it. 
Nowa  slickensided  surface  presents  in  many  respects  a  con- 
trast to  these  features.  It  is  almost  always  coated  with  some 
mineral  glaze  or  incrustation,  such  as  haematite,  calcite, 
chlorite,  or  quartz,  and  this  incrustation  has  taken  a  cast 
of  the  striae  on  the  rock,  so  as  to  look  as  if  itself  striated. 
In  innumerable  instances  the  slickenside  is  not  confined 
to  one  surface,  but  may  be  detected  in  successive  planes 
inside  the  rock,  showing  it  to  be  an  internal  condition  of 
the  mass  due  to  the  shifting  and  grinding  together  of  its 
parts,  and  not  to  a  mere  superficial  agent  like  moving  ice. 
The  striae  of  slickensides  are  close-set,  parallel,  and 
tolerably  equal  in  breadth  and  depth,  and  they  lie  on  flat 
surfaces  which  do  not  undulate  in  the  manner  so  charac- 
teristic of  glaciated  rocks. 

It  is  important  to  take  with  the  compass  the  direction 
of  the  glacial  groovings  and  striae  on  the  rocks.  If 
possible  the  observer  should  at  the  same  time  determine 
from  which  quarter  the  ice  has  moved.  This  may  often 
be  done  by  observing  in  what  direction  little  prominences 
and  the  edges  of  angular  projections  are  rounded  off,  and 
to  which  side  the  still  rough  and  unstriated  portions  look. 
The  ice  must  evidently  have  moved  from  the  quarter  to 
which  the  smoothed  faces  are  presented,  and  towards 
the  quarter  to  which  the  rough  parts  are  turned.  This  is 
shown  in  Fig.  63,  where  the  arrow  indicates  the  trend  of 
the  ice-movement.  The  way  in  which  an  observation  of 
this  kind  may  be  indicated  on  the  map  is  shown  in  the 
index  of  signs  in  Fig.  4.  By  a  sufficient  number  of  such 
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observations  in  a  district,  the  path  of  the  ice  across  it 
may  be  very  clearly  expressed. 

There  is  another  useful  method  of  supplementing  this 
evidence  from  rock-striations  as  to  movements  of  the  ice ; 
but  it  cannot  usually  be  put  into  practice  until  after  the 
observer  has  made  some  considerable  acquaintance  with 
the  geology  of  the  whole  region.  In  countries  which 
have  been  under  ice,  and  where  the  rocks  retain  the 
characteristic  ice-markings,  the  surface  commonly  presents 
abundant  accumulations  of  boulder-clay,  gravel,  and 


FIG.  64. — Striated  stone  from  the  boulder-clay. 

other  deposits  belonging  to  different  conditions  of  the 
long  glacial  period.  A  search  through  the  stones  and 
boulders  of  those  deposits  will  in  most  cases  disclose  the 
fact  that  these  fragmentary  materials  have  been  moved  a 
greater  or  less  distance  from  their  parent  rocks.  In  the 
clays  the  stones  are  often  as  well  striated  as  the  solid 
rock  below  (Fig.  64).  Let  us  pick  out  at  random  two  or 
three  hundred  stones  from  any  section  of  boulder-clay  or 
moraine-stuff,  and  note  down  the  proportions  in  which 
each  variety  of  rock  occurs  among  them.  We  shall  find 
perhaps  that  50  or  60  per  cent,  may  have  been  derived 
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from  rocks  in  the  immediate  vicinity,  that  20  or  30  per 
cent,  have  perhaps  come  a  good  many  miles,  while  the 
remainder  (usually  small  in  size)  may  possibly  be  traced 
to  some  of  the  most  distant  rocks  in  the  drainage-basin 
of  the  region.  We  learn  from  such  an  analysis  the 
general  direction  of  the  ice-stream  and  see  that  it  agrees 
with  the  evidence  furnished  by  the  striae  on  the  rocks. 


PART  II. 

INDOOR-WORK. 
CHAPTER  XV. 

NATURE   OF   INDOOR-WORK.      GEOLOGICAL  SECTIONS. 

WHEN  a  geologist  returns  to  his  quarters  after  a  long  day 
in  the  field,  if  he  means  to  make  further  use  of  the  in- 
formation which  he  has  collected  in  the  course  of  his 
walk,  he  ought  on  no  account  to  allow  himself,  no  matter 
how  seductive  may  be  the  attractions  of  his  comfortable 
quarters,  to  dismiss  from  his  mind  the  labours  of  the  day 
until  he  has  looked  over  his  notes,  and  filled  in,  while 
still  fresh  in  his  memory,  all  details  which  he  did  not 
find  time  to  jot  down  on  the  ground.  This  task  some- 
times demands  not  a  little  self-denial  on  the  part  of  one 
who  feels  that  he  has  worked  well  and  earned  his  siesta 
with  a  pleasant  book  or  the  latest  newspaper.  But  it 
must  be  done,  and  done  then.  Put  off  till  next  day,  the 
duty  is  more  irksome,  and  the  details  are  already  be- 
ginning to  be  elbowed  out  of  memory  by  the  host  of 
new  ones  which  have  been  observed. 

N    2 
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It  is  particularly  useful  to  enter  in  the  note-book 
sections  of  the  ground  just  examined,  giving  what  may 
be  at  the  time  the  observer's  interpretation  of  the  structure 
of  the  rocks.  Even  though  these  are  thrown  aside  in  the 
end,  or  superseded  by  others  based  on  wider  experience, 
they  serve  their  purpose  by  fixing  in  the  mind  what  has 
been  seen,  and  directing  attention  to  the  points  on  which 
the  evidence  is  defective.  A  good  working  hypothesis, 
so  useful  in  all  kinds  of  scientific  work,  when  employed  as 
a  help  and  not  as  a  master,  is  specially  serviceable  in  field- 
geology.  One  such  hypothesis  after  another  may  have 
to  be  abandoned,  but  each  performs  its  work  in  leading 
the  observer  nearer  to  the  true  solution  of  his  problem. 
And  it  is  as  embodying  his  working  hypothesis  of  the  day 
that  these  rough  tentative  sections  in  the  note -book, 
made  while  all  the  first  impressions  are  still  fresh  and 
clear,  derive  their  chief  value. 

If  the  geologist  is  gifted  with  any  power  of  sketching 
he  will  take  care  that  his  pencil  drawings  or  outlines — 
all  perhaps  that  his  time  and  work  will  allow  in  the  field 
— are  secured  before  getting  rubbed,  as  they  are  sure  to 
do  if  carried  without  precaution  in  his  everyday  note- 
book. They  may  of  course  be  fixed  in  the  ordinary  way 
with  weak  gum-water,  isinglass,  white  of  egg,  or  skimmed 
milk.  But  I  have  found  it  preferable  to  wash  them  with 
sepia  or  indian-ink.  By  this  means  the  pencil -lines  are 
fixed,  while  at  the  same  time  with  the  brush  and  two  or 
three  tints  of  colour,  the  sky  and  relative  tones  of 
the  landscape  may  be  given.  Of  course  if  water-colour 
can  be  rapidly  used  in  the  field  this  is  still  better ;  but 
in  my  own  experience  the  temptation  to  make  a  sketch 
instead  of  a  geological  diagram  is  so  great  that  the 
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amount  of  field-work  suffers  diminution.  Hence  I  would 
advise  that  the  field-work  be  done  first,  and  that  the 
observer,  having  thus  been  over  the  ground  and  chosen 
his  points  of  view,  should  return  with  his  sketch-book 
and  colour-box,  and  use  them  with  no  inward  conscious- 
ness that  he  ought  to  be  up  and  wielding  his  hammer. 
An  occasional  thoroughly  wet  day,  when  work  out  of  doors 
is  impossible,  affords  an  excellent  opportunity  for  fixing 
the  drawings,  determining  rocks,  drawing  sections,  writing 
up  notes,  and  indeed  for  all  other  kinds  of  indoor- 
employment. 

In  a  former  chapter  I  spoke  of  certain  portions  of  his 
labours  which  the  field-geologist  could  only  accomplish 
within  doors.  I  propose  now  to  describe  three  kinds  of 
indoor- work,  i,  Section- drawing;  2,  Blowpipe  analysis  ; 
and  3,  the  examination  of  rocks  by  the  microscope. 

SECTION  DRAWING. 

The  construction  of  geological  sections  is  placed  here 
among  the  indoor  employments  of  the  field-geologist, 
although  if  they  are  to  be  as  full  and  perfect  as  possible, 
their  outlines  must  be  traced  on  the  ground.  A  section 
on  a  true  scale,  vertical  and  horizontal,  may  be  prepared 
by  measurement  on  the  ground  in  the  ordinary  way  with 
chain  and  theodolite.  But  this  is  an  operation  of  ordinary 
land-surveying  which  need  not  be  described  here.  Or  if 
the  country  has  been  accurately  contoured,  a  section  may 
be  drawn  by  using  the  contour-lines. 

The  more  clearly  a  geological  map  represents  the 
structure  of  a  country,  the  less  need  is  there  for  any 
additional  explanation,  so  that  a  perfect  map,  large 
in  scale  and  detailed  in  execution,  should  be  nearly 
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independent  of  sections  or  other  assistance,  except  for 
data,  which  cannot  be  expressed  upon  a  map.  But  such 
a  map  can  comparatively  seldom  be  made,  and  clearly 
constructed  sections  always  save  much  time  and 
labour,  as  they  enable  the  structure  of  a  region  to  be 
seen  and  comprehended  almost  at  a  glance.  We  must 
usually  be  content  with  a  map  on  a  small  scale,  an  im- 
perfect topography,  and  other  defects  which  compel  us 
to  supplement  the  map  with  lines  of  section  so  drawn  as 
to  convey  to  the  eyes  of  others  exactly  what  we  have 
ourselves  seen  or  believe  to  be  the  geological  structure 
of  the  district  or  country  in  question. 

A  section  may  either  be  horizontal  or  vertical,  that  is, 
it  may  show  either  what  would  be  seen  if  a  deep  trench 
could  be  cut  across  hill  and  valley,  so  as  to  expose  the 
relations  of  the  rocks  to  each  other,  or  else  the  arrange- 
ment and  thicknesses  of  the  rocks  if  we  could  pile  them 
up  into  a  tall  column  one  above  another  in  their 
proper  order  of  succession.  On  a  small  scale,  Fig.  49 
may  be  taken  as  an  example  of  a  vertical  section.  This 
kind  of  section  is  chiefly  of  use  in  detailed  work,  as,  for 
instance,  among  coal-fields,  where  the  various  strata  of 
one  pit  or  part  of  a  district  are  to  be  compared  with 
those  of  another,  or  in  localities  like  the  coast-sections 
of  the  Tertiary  rocks  of  the  Isle  of  Wight,  where  every 
stratum  is  exposed  to  view.  Evidently  a  section  of  this 
kind  requires  good  exposures  of  rock  and  careful 
measurement. 

The  horizontal  section,  on  the  other  hand,  must  often 
be  constructed  where  exposures  of  rock  are  few,  where 
minute  measurements  are  impossible,  and  where  the 
highest  skill  of  the  field-geologist  is  taxed  to  unravel  the 
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meaning  of  the  facts  he  notes  upon  the  surface,  and 
to  show  their  bearing  upon  the  relations  of  the  rocks 
below  ground.  The  first  point  I  would  remark  in  the 
drawing  of  a  horizontal  section  is,  that  where  possible, 
the  section  should  always  be  on  a  true  scale,  that  is,  the 
height  and  length  should  be  on  the  same  scale.  Of 
course  this  is  often  impossible,  for  the  ground  may  be 
low,  and  to  show  its  true  form  in  a  section  might  require 
an  extravagant  and  unnecessary  length  of  paper.  Still 
the  geologist  who  would  preserve,  as  he  should,  the 
relations  between  the  external  form  of  the  ground  and 
the  structure  of  the  rocks  below  it,  will  always  endeavour 
to  exaggerate  the  height  of  his  sections  as  little  as 
possible.  I  believe  that  nothing  has  tended  so  much  to 
perpetuate  erroneous  notions  regarding  the  physiography 
of  the  land  as  such  distorted  sections,  sometimes  almost 
grotesque  in  their  exaggeration  of  natural  forms. 

As  an  example  of  the  disregard  which  some  able 
observers  have  had  for  truth  of  outline  in  their  sections, 
there  are  inserted  on  the  following  page  two  sections  of  the 
same  hill.  On  one  of  these  (A),  an  eminent  mineralogist, 
seems  to  have  been  content  to  represent  in  a  kind  of 
diagrammatic  way  the  order  of  the  formations,  heedless 
of  the  utterly  unnatural  shape  of  his  hill.  The  other 
section  (B)  shows  the  true  outline  of  the  ground,  on  the 
scale  of  six  inches  to  a  mile,  vertical  and  horizontal,  with 
the  relative  position  of  the  rocks  correctly  inserted. 

A  further  and  familiar  illustration  of  the  effects  of  this 
neglect  of  the  true  proportions  of  the  ground  is  offered 
to  us  by  the  case  of  the  "  London  Basin."  I  presume 
most  readers,  when  they  meet  with  that  phrase,  think  of 
a  deep  bowl-shaped  hollow  filled  with  clay  and  surrounded 
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by  a  rim  of  chalk  hills,  and  they  probably  recall  one  of 
the  sections  in  popular  manuals  and  text-books  by  which 
this  impression  was  originally  given  to  them.  If,  how- 
ever, we  construct  a  section  across  the  London  basin  on 
a  true  scale,  or  examine  that  which  has  been  constructed 
and  published  by  the  Geological  Survey  on  the  scale  of 


FIG.  65. — Illustrations  of  geological  section  drawing. 


six  inches  to  a  mile,  we  learn  that  so  flat  is  the  basin,  so 
small  the  thickness  of  clay  (500  feet)  in  proportion  to  the 
breadth  of  country  over  which  it  is  spread  (24  miles), 
that  we  need  to  look  with  some  little  care  to  be  assured 
that  there  is  really  any  basin  at  all. 


xv.]  NATURE  OF  INDOOR-WORK.  185 

The  next  point  to  be  attended  to  in  the  construction 
of  a  horizontal  section  is  the  choice  of  the  line  of  ground 
across  which  it  is  to  be  drawn.  It  may  be  designed 
either  to  show  the  general  structure  of  the  country  or 
the  arrangement  of  the  rocks  in  some  particular  part  of 
it.  In  any  case,  while  taking  it  over  those  portions  of 
the  ground  where  the  structure  is  best  seen,  we  should 
always  bear  in  mind  that  it  must  pass  as  nearly  as 
possible  at  a  right  angle  to  the  strike  of  inclined  strata. 
Obviously,  a  section  coincident  with  the  strike  would 
make  highly-inclined  beds  look  horizontal. 

When  the  time  arrives  for  a  section  to  be  drawn, 
the  first  thing  is  to  insert  the  outline  of  the  ground. 
The  actually  observed  geological  data,  such  as  dips, 
faults,  and  other  facts,  are  then  placed  upon  that  outline. 
If  necessary,  search  is  made  on  either  side  of  the  line  of 
section  for  additional  materials  to  fill  in  the  blanks  in  the 
section.  The  lines  found  at  the  surface  are  then  pro- 
longed downward,  and  the  section  is  filled  in.  To  make 
these  stages  more  clearly  understood,  let  us  suppose  that 
we  are  required  to  draw  a  section  on  a  true  scale  (say  of 
six  inches  to  a  mile)  across  a  piece  of  ground.  We  fix 
on  some  datum-line,  the  sea-level,  for  instance,  on  which 
to  erect  our  verticals  for  the  heights.  Having  obtained 
the  correct  measurements  of  the  surface  from  our  own 
levellings,  or  those  of  other  surveyors  (in  this  country 
the  contoured  maps  of  the  Ordnance  Survey  are  in- 
valuable for  this  purpose)  we  proceed  to  mark  off  from 
our  datum-line  a  series  of  points,  the  height  of  each 
of  which  is  known.  How  this  is  done  is  shown  in  Fig. 
66,  A.  A  line  is  then  drawn,  connecting  all  the  points 
together,  which  gives,  it  will  be  observed,  the  general 
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contour  of  the  ground.  To  ensure  greater  fidelity  of 
detail  it  may  be  well  to  walk  again  over  the  ground  with 
the  plotted  section  in  hand,  so  as  to  be  able  to  fill  in 
any  little  inequalities  of  surface,  and  at  the  same  time 
to  look  once  more  for  evidence  as  to  the  nature  and 
structure  of  the  rocks  below.  The  drawing  in  Fig.  66  B 
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FIG.  66. — Stages  in  the  construction  of  a  geological  section. 


may  be  taken  to  represent  the  outline  as  so  modified  by 
a  visit  to  the  ground.  On  this  same  drawing  all  the 
geological  data  are  inserted  which  are  supposed  to  be 
actually  seen,  either  on  the  line  traversed  by  the  section 
or  in  the  immediate  vicinity  of  it.  But  a  more  extended 
examination  of  the  district  would  no  doubt  supply  many 
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data  not  obtainable  on  the  precise  course  of  section,  and 
permit  the  lines  to  be  prolonged  downward,  and  the 
whole  section  to  be  filled  in  somewhat  in  the  manner 
shown  in  C.  The  section  in  Fig.  27,  shows  the  structure 
of  the  country  represented  in  the  map,  and  illustrates 
the  application  of  many  of  the  terms  which  I  have  made 
use  of  in  these  pages. 


CHAPTER  XVr. 

CHEMICAL   TESTS    IN   THE   IDENTIFICATION    OF   MINERALS 
AND   ROCKS. 

IT  often  happens,  especially  in  the  early  years  of  his 
experience,  that  the  geologist  meets  with  rocks  which 
none  of  the  tests  available  in  the  field  enable  him  satis- 
factorily to  recognise.  In  such  cases,  as  already  remarked, 
he  detaches  one  or  more  fresh  chips  of  each  puzzling 
variety,  and  carries  them  home  for  determination  by  more 
precise  processes.  He  may,  in  the  first  place,  apply  some 
simple  chemical  tests.  Detailed  chemical  analysis  can- 
not of  course  be  attempted  in  the  ordinary  conditions 
of  field-work,  but  much  may  be  learnt  by  a  few  easily 
performed  experiments. 

i  Treatment  with  Add. — In  the  list  of  a  geologist's 
accoutrements  for  the  field,  a  small  acid-bottle  was  in- 
cluded (ante  p.  27).  A  drop  of  weak  hydrochloric  acid 
will  at  once  tell  by  a  brisk  effervescence  if  a  rock  is  a 
limestone  or  is  markedly  calcareous.  By  the  same 
means  we  may  often  trace  the  decomposition  of  such 
rocks  as  dolerite  to  a  considerable  distance  inward 
from  the  surface  ;  the  original  lime-bearing  silicate  of  the 
rock  having  been  decomposed  by  the  infiltrating  rain- 


CH.  xvi.]  CHEMICAL  TESTS.  189 

water,  and  partially  converted  into  carbonate  of  lime. 
This  carbonate  is  far  more  sensitive  to  the  acid  test  than 
the  other  carbonates  usually  to  be  met  with  among 
rocks.  A  drop  of  weak  cold  acid  suffices  to  produce 
abundant  effervescence  even  from  a  crystalline  face.  But 
the  effervescence  becomes  much  more  marked  if  we  apply 
the  acid  to  the  powder  of  the  stone.  For  this  purpose 
a  scratch  may  be  made  and  then  touched  with  acid.  By 
this  means  a  copious  discharge  of  carbonic  acid  may 
be  obtained  from  some  rocks  where  otherwise  it  might 
appear  so  feebly  as  perhaps  even  to  escape  observation. 
Some  carbonates,  dolomite  for  example,  are  hardly 
affected  by  acid  until  powdered.  In  other  cases  the 
acid  requires  to  be  heated,  or  must  be  used  very  strong, 
as  with  siderite. 

It  is  a  convenient  method  of  roughly  estimating  the 
purity  of  a  limestone  to  place  a  fragment  of  the  rock  in 
weak  hydrochloric  acid.  If  there  is  much  impurity, 
(clay,  sand,  oxide  of  iron,  &c.),  this  will  remain  behind 
as  an  insoluble  residue,  and  may  then  be  further  tested 
chemically  or  examined  with  the  microscope.  Of  course 
the  acid  may  attack  some  of  the  impurities,  so  that  it 
cannot  be  concluded  that  the  residue  absolutely  repre- 
sents everything  present  in  the  rock  except  the  car- 
bonate of  lime,  but  the  proportion  of  non-calcareous 
matter  so  dissolved  by  the  acid  will  usually  be  extremely 
small. 

If  the  student  possesses  chemical  knowledge,  he 
may  proceed  to  test  the  acid  solution  he  obtains  from 
a  pulverized  rock  and  may  detect  the  bases  ;  but  as 
a  rule  such  analysis  is  only  of  secondary  importance  for 
geological  purposes. 
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Some  acquaintance  with  chemical  reactions,  indeed,  will 
be  found  of  great  service  in  the  identification  of  rocks 
and  of  their  constituent  minerals.  It  is  commonly  the 
case  that  minerals  about  which  the  observer  may  be 
doubtful  are  precisely  those  which,  from  their  small  size, 
are  most  difficult  of  separation  from  the  rest  of  the  rock 
preparatory  to  analytical  processes.  The  mineral  apatite, 
for  example,  occurs  in  minute  hexagonal  prisms  which 
on  cross-fracture  might  be  mistaken  for  nepheline,  or  even 
sometimes  for  quartz.  If,  however,  a  drop  of  solution  of 
molybdate  of  ammonia  be  placed  upon  the  crystal,  a  yel- 
low precipitate  will  appear  if  it  be  apatite.  Nepheline, 
which  is  another  hexagonal  mineral  likewise  abundant 
in  some  rocks  gives  no  yellow  precipitate  with  the  am- 
monia solution,  while  if  a  drop  of  hydrochloric  acid  be 
put  over  it,  crystals  of  chloride  of  sodium  or  common 
salt  will  be  obtained.  These  reactions  can  be  observed 
even  with  minute  crystals,  by  placing  them  under  the 
microscope  and  using  an  exceedingly  attenuated  pipette 
for  dropping  the  liquid  on  the  rock. 

2.  Blow-pipe  Tests. — The  chief  chemical  tests  avail- 
able for  the  field-geologist  are  those  which  he  can  per- 
form with  the  blow-pipe.  These  he  will  find  to  be 
simple,  easily  applied,  and  requiring  only  patience  and 
practice  to  give  him  great  assistance  in  his  determination 
of  minerals.  If  unacquainted  with  blowpipe  analysis 
he  must  refer  to  one  or  other  of  the  numerous  text- 
books on  the  subject,  some  of  which  are  mentioned 
below.1 


1  The  great  work  on  the  blow -pipe  is  Plattner's,   of  which  an 
English  translation  has  been  published.     Elderhorst's  Manual  of 
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The  apparatus  required  for  ordinary  blow-pipe  work  is 
exceedingly  simple.  For  his  early  practice  the  student 
will  find  the  following  sufficient :  — 

1.  Blow  pipe. 

2.  Thick-wicked  candle,  or  a  tin  box  filled  with  the  material 
of  Child's  night-lights,  and  furnished  with  a  piece  of  Freyberg 
wick  in  a  metallic  support. 

3.  Platinum-tipped  forceps. 

4.  A  few  pieces  of  platinum  wire  in  lengths  of  three  or  four 
inches. 

5.  A  few  pieces  of  platinum  foil. 

6.  Some  pieces  of  charcoal. 

7.  A  number  of  closed  and  open  tubes  of  hard  glass. 

8.  Three  small  stoppered  bottles  containing  carbonate  of  soda, 
borax,  and  microcosmic  salt. 

9.  Magnet. 

To  this  list  he  can  add  as  he  finds  occasion.  The 
whole  may  easily  be  packed  into  a  box  which  will  go  into 
the  corner  of  a  portmanteau. 

The  annexed  Scheme  shows  the  procedure  which  the 
observer  may  follow  in  the  blow-pipe  determination  of  a 
mineral.  He  will  find  it  advantageous  to  write  down 
under  each  head  the  behaviour  of  the  substance  before 
he  proceeds  to  the  next  operation. 

Qualitative  Blow-pipe  Analysis  and  Determinative  Mineralogy,  by 
H.  B.  Nason  and  C.  F.  Chandler  (Philadelphia:  N.  S.  Porter 
and  Coates),  is  a  smaller  but  useful  volume ;  while  still  less  pre- 
tending is  Scheerer's  Introduction  to  the  Use  of  the  Mouth  Blow-pipe, 
of  which  a  third  edition  by  H.  F.  Blanford  was  published  in  1875 
by  F.  Norgate.  An  admirable  work  of  reference  will  be  found  in 
Professor  Brush's  Manual  of  Determinative  Mineralogy  (New 
York  :  J.  Wiley  and  Son). 
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Other  reactions. 
Remarks. 

IV.  On  platinum  forceps  or  wire 
(or  on  foil  with  soda). 
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3.  Magnetic  Analysts. — Many  dark  crystalline  rocks 
contain  much  magnetite  or  other  magnetic  mixtures  of 
iron  oxides.  Some  idea  of  the  relative  proportions  of  these 
ingredients  may  be  formed  by  reducing  a  specimen  of 
the  rock  to  the  finest  powder  in  an  agate  mortar,  and 
then  weighing  out  so  many  grains  of  the  powder.  Care 
must  be  taken  not  to  allow  any  iron  instrument  to  touch 
the  rock,  which  indeed  should  be  collected  in  the  field  by 
breaking  up  a  large  piece  with  another  stone  and  avoiding 
the  use  of  a  hammer,  or  if  a  hammer  has  been  used,  the 
specimen  should  be  carefully  washed  and  rubbed  with  a 
brush  before  being  reduced  to  powder.  The  magnet,  pro- 
tected by  fine  tissue-paper,  may  then  be  inserted  into  the 
powder,  and  the  magnetic  particles  which  adhere  to  it 
should  be  dropped  into  a  separate  dish,  which  is  easily 
done  by  pulling  the  magnet  slightly  away  from  the  paper, 
when  the  iron  particles  at  once  fall  off.  The  process 
should  be  repeated  until  no  more  magnetic  grains  adhere 
to  the  magnet.  An  additional  proportion  of  iron  grains 
may,  however,  be  obtained  by  grinding  the  powder  in  the 
mortar  with  water,  allowing  it  thereafter  to  dry  thoroughly, 
and  then  when  it  has  once  more  been  bruised  with  the 
mortar,  placing  the  paper-protected  magnet  upon  it. 
Minute  black  specks  will  be  observed  adhering  to  the 
paper.  The  magnetic  grains  in  the  separate  dish  should 
be  examined  with  a  lens  to  see  that  no  considerable 
quantity  of  the  other  minerals  of  the  rock  may  be  ad- 
herent to  them,  in  which  case  they  may  be  gently  pounded 
with  water  in  the  mortar,  dried,  and  picked  out  afresh  with 
the  magnet.  The  magnetic  residue  obtained  represents 
nearly  the  proportion  of  magnetic  iron  in  the  rock  ;  but 
is  almost  always  under  the  truth,  because  some  of  the 
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magnetic  iron  is  in  microscopic  particles,  inclosed  within 
other  constituents  of  the  rock.  This  rough  method  of 
analysis  may  be  satisfactorily  applied  to  basalt,  dolerite, 
and  similar  rocks. 

Important  Minerals  in  Rocks. — To  assist  the  learner  in 
his  field-work  the  following  list  is  given.  It  contains  the 
more  important  minerals  which  occur  as  essential  or 
accidental  constituents  of  rocks,  and  indicates  briefly 
the  conditions  under  which  each  may  be  expected  to 
be  found. 


List  of  the  more  Important  Minerals  which  enter  into  the 
Composition  of  Rock-masses. 


I.  Essential  Constituent.   II.  Accessory  Ingredient. 


f  Graphite .  .  . 

Sulphur  .  .  . 

Pyrite.     .  .  . 

Marcasite  .  . 


Chalcopyrite  . 
Galena  .  .  . 
Blende  .  .  . 


II.  Scales  and  layers  in  gneiss,  schists, 
slates  ;  also  as  a  result  of  the  alteration 
of  coal  by  intrusive  igneous  rocks. 

II.  Chiefly  at  volcanic  orifices  and  as  a 
product  of  decomposition  among  Tertiary 
strata. 

II.  Abundantly  diffused  in  rocks  of  all 
ages  in  detached  crystals  and  in  veins. 

II.  Especially  among  sedimentary  rocks, 
often  taking  the  place  of  organic  re- 
mains :  very  liable  to  decomposition. 

II.  Veins  chiefly. 

II.  Scattered  grains,  but  chiefly  in  veins. 

II.  Usually  with  galena  in  veins. 
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I  Essential  Constituent.  II.  Accessory  Ingredient, 


6  „•     f  Fluor  spar    . 

3g  \ 

f  Rock-salt      , 

3§ 


.1.  Veinstone  in  stratified  and  unstratified 
rocks:  occasionally  in  cavities  of  crys- 
talline rocks. 

[.  In  beds  especially  associated  with  red 
strata  :  sometimes  II.  as  scattered  cubes 
in  red  sandstones,  clays,  and  other  strata, 
but  then  generally  replaced  by  clay;  &c. 


Quartz     .     .     . 

,,   Calcedony 

.nhydrous. 

Haematite     .     . 

Magnetite     .     . 

Ilmenite  .     .     . 

Limonite 

E 

Wad  .... 

Psilomelane  , 

[.  Abundant  in  many  crystalline  rocks,  e.g. 

granite,  quartz-porphyry,    liparite  ;  and 

in  fragmental  rocks,  as  sandstone,  grey- 

wacke,  &c. 
II.  Frequent  in  veins  and  cavities  of  rocks 

of  all  ages  as  an  infiltration  product. 

II.  Filling  or  lining  cavities  especally  of 
old  volcanic  rocks  ;  introduced  by  infil- 
tration. 

I.  In    some    crystalline    rocks :    in    beds 
among  foliated  rocks  and  as  a  colouring- 
matter  in  fragmental  rocks. 

II.  Abundant  in  veins  and  cavities  of  rocks 
as  an  infiltration  product. 

I.  In  many  foliated  rocks,  e.g.  chlorite 
slate ;  abundantly  in  minute  crystals  in 
many  igneous  rocks,  as  dolerite,  basalt, 
&c. 

I.  In  many  foliated  rocks  ;   also  abundant 
in    some    volcanic   rocks,    as    dolerite, 
gabbro,  &c. 

II.  Common   as   an    alteration-product  of 
previously-formed  haematite  in  veins  and 
cavities  of  rocks. 

II.  As  a  dark  earthy  substance  in  cavi- 
ties and  veins  of  rocks,  and  as  dendritic 
markings  in  the  minute  Pssures  of  such 
close-drained  rocks  as  felsite -porphyry 
and  lithographic  limestone. 

O    2 
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.  Essential  Constituent.   II.  Accessory  Ingredient. 

°-a  -1           1 

«:§  3    Orthoclase 
-3  o  Jj  >       and      ( 
I  §  £     Varieties  1 

'..  Abundant  among  both  ancient  and  mo- 
dern crystalline  rocks,  as  granite,  gneiss, 
quartz-porphyry,  liparite,  trachyte,  ob- 
sidian, &c. 

« 

°-  ^ 

Oligoclase  j 
Albite  / 

[.  Abundant  as  the  triclinic  felspars  of 
older  crystalline  rocks,  as  in  granite, 
syenite,  &c. 

•|;| 

H 

Leuci 

Anorthite  "1 

Labradorite  J 
te  .  .  .  . 

'.  Abundant,  more  especially  among  vol- 
canic rocks  of  all  ages  from  palaeozoic  up 
to  recent  ;  found  also  among  ancient 
foliated  rocks,  as  the  gneiss  of  Labrador 
and  in  some  granites. 

I.  An  essentially  volcanic  mineral,  only 
found  in  lavas  and  tuffs  of  later  geo- 
logical periods. 

g 
1 

Nepheline 
Hauyne    .... 

[.  In  some  volcanic  rocks  in  minute  prisms  ; 
also  massive  in  metamorphic  rocks. 

[.   Only  found  in  post-tertiary  lavas. 

f 

Nosean    .... 

[I.  Like  Hauyne,  a  volcanic  mineral  of  late 
geological  date,  said  to  occur  in  almost 
all  phonolites. 

Muscovite 
(Potass-mica) 

[.  Abundant  in  old  crystalline  rocks,  both 
massive  and  foliated  —  granite,  gneiss, 
mica-schist,  greisen,  &c.  ;  also  in  sand- 
stones of  all  ages. 

Biotite      .... 
(Magnesia-mica) 

I.   Abundant  in  many  crystalline  rocks. 
II.  As  an  occasional  alteration-product  in 
many  hornblendic  and  augitic  rocks. 

Chias 
Kyan 

tolite  .  .  . 
ite 

I.  Abundantly  diffused  through  some  me- 
tamorphic slates,  hence  called  chiastolite- 
slates. 

T    In  small  granular  forms  in  some  crystal- 

line rocks,  e.g.  kyanite-rock  ;  also  in 
beds  and  veins  in  gneiss. 

Tourmaline   .     . 

I.  In  some  granites,  and  in  the  veins  asso- 
ciated with  and  proceeding  from  these 
granites. 
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Essential  Constituent.  II.  Accessory  Ingredient. 


C/2  O 

s  t 

o  -5 

K  J3 


Garnet    . 
Epidote  . 


Cordierite 
(lolite) 


Zeolites  . 


B    < 


Ottrelite      . 


Kaolin    .     . 


Hornblende 


Augite    . 


Diallage 


.  Abundant  in  many  foliated  rocks,  as  in 
mica-schist  and  some  varieties  of  gneiss. 

.  In  some  foliated  rocks,  as  gneiss  and 
mica  schist. 

I.  As  an  alteration-product  in  many  rocks, 
as  in  diorite,  diabase,  altered  sandstone, 
&c. 

.  In  geodes  and  veins  among  older  crys- 
talline rocks,  as  granite,  gneiss,  and 
several  schists ;  one  variety,  cordierite- 
gneiss,  contains  it  abundantly. 

I.  This  interesting  family  of  minerals  is 
due  to  the  alteration  of  anhydrous  alu- 
minous silicates,  chiefly  felspars.  The 
several  species  occur  as  secondary  pro- 
ducts in  veins  and  cavities  of  rocks,  es- 
pecially of  such  as  contain  abundant 
felspar.  The  amygdaloidal  cavities  of 
basalts  and  other  basic  volcanic  rocks 
furnish  many  varieties. 

!.  In  some  varieties  of  slate,  as  that  of 
Ottrez,  Luxembourg,  whence  the  name 
ottrelite  slate. 

[I.  Decomposed  felspar,  apt  to  occur  wher- 
ever a  felspar- bearing  rock  is  exposed  to 
a  moist  climate. 

[.  Abundant  as  a  constituent  of  many  mas- 
sive crystalline  rocks,  e.g.  syenite  and 
diorite ;  of  many  foliated  rocks,  as  horn- 
blende-schist, and  varieties  of  gneiss. 

I.  The  black  variety  abundant  among  vol- 
canic rocks — basalt,  diabase,  &c.  ;  the 
paler  kinds  among  granitic  and  foliated 
rocks  and  not  uncommon  among  crystal- 
line limestones. 

I.  One  of  the  constituents  of  gabbro  ;  also 
found  in  serpentine  and  hypersthene 
rock. 
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I.  Essential  Constituent.  II.  Accsssory  Ingredient. 

'Enstatite     .     . 

[.  One  of  the  constituents  of  the  rock 
called  Lberzolite  ;  occurs  also  in  some 
serpentines  and  in  some  meteorites. 

Bronzite      . 

[.  In  some  serpentines  and  basalts  ;  also 
in  some  meteorites. 

1?  ' 
^ 

s 

< 

Uralite  .     .     . 

[I.  A  mineral  having  the  crystalline  form 
of  augite   but   the  internal   fine  fibrous 
character  of  hornblende,  with  sometimes 
a  central  core  of  still  unaltered  augite. 
In    some   old  porphyritic  rocks  —  Urals, 
Norway,  Alps,  Scotland. 

Smaragdite 
"Talc  .... 

I.  A  constituent  of  the  rock  called  eclogite 
and  some  forms  of  gabbro. 

T    Abundant  among   foliated  rocks,  some 

of  which  (e.g.,  talc-schist)  consist  largely 
of  it. 
[I.  As  an  alteration-product  among  crys- 
talline rocks. 

Chlorite  .     .     . 

I.  Constituting  almost   the  whole  of   the 
rock    termed    chlorite-slate,  and    found 
among    other    foliated    and    crystalline 
rocks. 
[I.   Frequent  as   an   alteration-product   in 
rocks  containing  hornblende,  augite,  oli- 
vine,    or  other    anhydrous     magnesian 
silicate. 

i 

% 

Serpentine  .     . 

[.  Constitutes  entire  rock-masses,  but  these 
appear  in  all  cases  to  have  been  origi- 
nally anhydrous,  often  olivine-rocks. 
II.   Frequent  as  an  alteration-  product,  par- 
ticularly in  rocks  containing  olivine. 

Delessite     .     1 
Saponite     .     ^ 
(Celadonite)     J 

II.  Alteration-products  in  crystalline  rocks, 
especially  volcanic  masses  rich  in  mag- 
nesian silicates  ;  occur  in  kernels  filling 
cavities,  as  incrustations,  round  nodules, 
or  in  irregular  veinings  and  blotches. 

Glauconite  .     . 
(Silicate  of 
Iron  and 
Potass.) 

II.  Abundantly  diffused  through  soijid«and- 
stones,  and  found  also  as  an  alteration- 
product  among  many  old  augitic  and 
hornblendic  volcanic  rocks,  lining  cavi- 
ties or  running  in  threads  through  the 
altered  mass. 

XVI.] 


CHEMICAL  TESTS. 


199 


I.  Essential  Constituent.  II.  Accessory  Ingredient. 

rCalcite     .... 

T    Common  as  limestone  or  the  calcareous 

constituent  of  stratified  rocks. 

II.    Very  abundant  as  an  alteration-pro- 
duct, filling  cavities  or  running  in  veins 

and  threads  through  rocks. 

8 

Aragonite     .     .     . 

II.  Under  similar  circumstances  as  calcite, 

5 

but  less  abundant. 

£  ; 

Dolomite  .... 

T    Occurs  in  beds  and  layers  with  lime- 

§ 

stone,  red  marl,  sandstone,  &c. 

<; 

II.  In  veins   and  cavities   and  along  the 

CJ 

edges  of  intrusive  igneous  rocks. 

Siderite    .... 

I.  In  beds   and   nodules   associated   with 

shale,  coal,  &c. 

II.  Occasionally  in  veins  and  cavities  of 

rocks. 

(Barytes  .     .     . 

II.  Common  as  a  veinstone  ;    also  found 

in  cavities  of  amygdaloidal  rocks. 

Celestine     .     . 

II.  In  cavities  and    veins    in    limestone, 

„ 

sandstone,    and    in   some   old  volcanic 

1*1 

rocks. 

c 

w: 

•<    Anhydrite   .     . 

I.  In  beds,  associated  with  limestone,  red 

H 
< 

I 

sandstone,  or  rock-salt. 

S  ( 

PH 
K) 

(Gypsum 

I.  In  beds  with  red  strata,  rock-salt,  &c. 

t3 

c/: 

' 

II.  In  veins  and  strings  through  different 

rocks. 

^  "j  Alums    .     .     . 

* 

II.  Aluminous  rocks,  containing  iron  sul- 
phides, exposed  to  weathering  are  apt  to 
decompose,  and  various  alum-salts   ap- 

k 

pear  as  an  efflorescence. 

Apatite    .... 

T    Abundant  in  some  metamorphic  regions, 

both  in  layers  and  in  veins  ;  an  essential 

constituent  of  many  crystalline  rocks,  as 

« 

varieties    of    granite,    diorite,    diabase, 

H 

gabbro,  and  dolerite. 

< 

s 

II.  Common  as  a  veinstone  in  some  metal- 

E 

liferous  districts. 

0 

£ 

Vivianite  .... 

11.  In  veins  associated  with  metallic  ores  ; 

£ 

also  as  a  blue  earth  in  bogs  and  other 

places  where  animal   remains  have  de- 

cayed, and  as  a  peach-bloom  on  some 

ichthyolites. 
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I.  Essential  Constituent.   II.  Accessory  Ingredient. 


Sphene     .  . 

Asphalt    .  . 

Naphtha  .  . 

Anthracite  . 


,  Abundant  in  some  granites,  syenites, 
gneisses,  schists,  and  metamorphic  lime- 
stones. 

II.  Occasionally  disseminated  in  grains  or 
filling  veins  and  cavities  of  sandstone  or 
other  rocks. 

II.  Occasionally  in  cavities  of  rocks,  or 
coming  to  surface  either  alone  or  with 
spring  water. 

In  beds,  like  ordinary  coal. 
II.  In  cavities  of  rocks,  particularly  in  as- 
sociation with  intrusive  igneous  masses ; 
also  diffused  in  minute  grains,  giving  a 
black,  coally  aspect  to  some  rocks. 


CHAPTER  XVII. 

MICROSCOPICAL  INVESTIGATION. 

FREQUENT  reference  has  been  made  in  the  foregoing 
pages  to  the  advantage  of  studying  minerals  and  rocks 
under  the  microscope.  By  this  means  we  are  enabled  to 
trace  the  minuter  structures  of  the  earth's  crust,  and  to 
follow  many  of  the  stages  in  the  formation  of  its  rocks. 
We  can  tell  which  mineral  of  a  rock  crystallized  first,  and 
indeed  can  follow  every  phase  of  crystallization,  in 
such  a  way  as  to  explain  many  otherwise  unknown  parts 
of  the  history  of  the  rocks.  Moreover  by  this  method 
we  can  trace  the  subsequent  changes  which  rocks  have 
suffered,  in  the  chemical  alteration  of  their  minerals  by 
percolating  water,  with  the  resulting  secondary  products. 
While  a  chemical  analysis  informs  us  of  the  ultimate 
chemical  constitution  of  a  rock,  a  microscopic  analysis 
brings  before  us  its  mineralogical  composition,  showing 
in  what  forms  the  chemical  elements  have  been  combined, 
and  how  diverse  two  rocks  may  be  in  structure  and 
texture,  though  in  chemical  composition  nearly  alike. 

The  field-geolcgist,  however,  besides  these  inquiries, 
often  needs  some  ready  means  of  determining  the  nature 
and  petrographical  grade  of  rocks  which  he  cannot 
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satisfactorily  name  by  any  of  the  usual  methods  available 
to  him.  By  far  the  most  valuable  aid  in  this  respect  is 
supplied  to  him  in  the  examination  of  thin  slices  with 
the  microscope.  He  ought  to  be  able  to  prepare  his 
own  slices,  though  when  he  can  have  this  satisfactorily 
done  for  him  he  may  save  time  for  other  work. 


THE   PREPARATION   OF   THIN    SLICES. 

To  prepare  slices  of  rocks  and  minerals  for  the  micro- 
scope it  is  not  necessary  to  procure  a  costly  and  unwieldy 
set  of  apparatus,  nor  to  go  through  a  lengthened  course 
of  training.  The  operation  is  facilitated,  indeed,  by  the 
possession  of  a  machine  for  cutting  thin  slices,  and  for 
reducing  and  polishing  them  when  mounted  on  glass. 
A  machine  well  adapted  for  both  purposes  was  devised 
some  years  ago  by  Mr.  J.  B.  Jordan,  and  may  be  had  of 
Messrs.  Cotton  and  Johnson,  Grafton  Street,  Soho, 
London,  for  £10  los.  Another  slicing  and  polishing 
machine  invented  by  Mr.  F.  G.  Cuttell,  52,  New 
Compton  Street,  Soho,  London,  costs  £6  los.  But 
these  machines  are  rather  unwieldy  to  be  carried  about 
the  country  by  a  field-geologist.  Fuess  of  Berlin  supplies 
two  small  and  convenient  hand-instruments,  one  for 
slicing,  the  other  for  grinding  and  polishing.  The  slicing 
machine  is  not  quite  so  satisfactory  for  hard  rocks 
as  one  of  the  larger  more  solid  forms  of  apparatus 
worked  by  a  treadle.  But  the  grinding-machine  is  ex- 
ceedingly useful,  and  might  be  added  to  a  geologist's 
outfit  without  material  inconvenience.  If  a  lapidary  is 
within  reach,  much  of  the  more  irksome  part  of  the  work 
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may  be  saved  by  getting  him  to  cut  off  thin  slices. 
The  thickness  of  each  slice  must  depend  greatly  upon 
the  nature  of  the  rock,  the  rule  being  to  make  the  slice 
as  thin  as  the  rock  will  allow,  so  as  to  save  labour  in 
grinding  down  afterwards. 

Excellent  rock-sections,  however,  may  be  prepared 
without  any  machine,  provided  the  operator  possesses 
ordinary  neatness  of  hand  and  patience.  He  must  pro- 
cure as  thin  chips  as  possible  of  the  rocks  he  proposes 
to  slice.  These  he  can  usually  obtain  in  the  field  where 
he  is  hammering.  He  should  select  as  fresh  a  portion 
of  the  rock  as  may  be  accessible,  and  by  a  dexterous 
use  of  the  hammer  break  off  from  a  sharp  edge  a  number 
of  thin  splinters  or  chips,  out  of  which  he  can  choose 
one  or  more  for  making  into  rock-slices.  These  chips 
may  be  about  an  inch  square.  It  is  well  to  take  several 
of  them,  as  the  first  specimen  may  chance  to  be  spoiled 
in  the  preparation.  The  geologist  ought  also  always  to 
carry  off  a  piece  of  the  same  block  from  which  his  chip 
is  taken,  that  he  may  have  a  specimen  of  the  rock  for 
future  reference  and  comparison.  Every  such  hand- 
specimen,  as  well  as  the  chips  belonging  to  it,  ought  to 
be  wrapped  up  in  paper  on  the  spot  where  it  is  obtained, 
and  inside  the  wrapper  should  be  placed  a  label  or 
piece  of  paper  with  the  locality  and  any  notes  that  may 
be  thought  necessary.  It  can  hardly  be  too  frequently 
reiterated  that  all  such  field-notes  ought  as  far  as  possible 
to  be  written  down  on  the  ground  where  the  actual  facts 
are  before  us  for  examination. 

Having  obtained  his  thin  slices,  either  by  having 
them  slit  with  a  machine  or  by  detaching  with  a  hammer 
as  thin  splinters  as  possible,  the  operator  may  proceed 
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to  the  preparation  of  them  for  the  microscope.  For  this 
purpose  the  following  simple  apparatus  is  all  that  is 
absolutely  needful,  though  if  a  grinding-machine  be 
added  it  will  save  time  and  labour. 


List  of  Apparatus  Required  in  the  Preparation  of  Thin 
Slices  of  Rocks  and  Minerals  for  Microscopical  Ex- 
amination. 

1.  A  cast-iron  plate,  |  inch  thick  and  9  inches  square. 

2.  Two  pieces  of  plate-glass,  9  inches  square. 

3.  A  Water- of- Ayr  stone,  6  inches  long  by  2^  inches  broad. 

4.  Coarse  emery  (l  Ib.  or  so  at  a  time). 

5.  Fine  or  flour  emery  (ditto). 

6.  Putty  powder  (i  oz.). 

7.  Canada  balsam.     (There   is  an   excellent  kind   prepared   by 
Rimmington,  Bradford,  especially  for  microscopic  preparations,  and 
sold  in  shilling  bottles.) 

8.  A  small  forceps. 

9.  Some  oblong  pieces  of  common  flat  window-glass  52X1  inches 
is  a  convenient  size. 

10.  Glasses   with   ground   edges   for  mounting  the  slices  upon. 
They  may  be  had  at  any  chemical  instrument-maker  in  different 
sizes,  the  commonest  being  3X1  inches. 

11.  Thin  covering- glasses,  square  or  round.     These  are  sold  by 
the  ounce  ;  \  ounce  will  be  sufficient  to  begin  with. 

12.  A  small  bottle  of  spirits  of  wine. 

The  first  process  consists  in  rubbing  down  and  polishing 
one  side  of  the  chip  or  slice.  We  place  the  chip  upon 
the  wheel  of  the  grinding-machine  or,  failing  that,  upon 
the  iron  plate,  with  a  little  coarse  emery  and  water.  If 
the  chip  is  so  shaped  that  it  can  be  conveniently  pressed 
by  the  finger  against  the  plate  and  kept  there  in  regular 
horizontal  movement,  we  may  proceed  at  once  to  rub  it 
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down.  If,  however,  we  find  a  difficulty,  from  its  small  size 
or  otherwise,  in  holding  the  chip,  one  side  of  it  may  be 
fastened  to  the  end  of  a  bobbin  or  other  convenient  bit 
of  wood  by  means  of  a  cement  formed  of  three-parts  of 
rosin  and  one  of  bees-wax,  which  is  easily  softened  by 
heating.  A  little  practice  will  show  that  a  slow,  equable 
motion  with  a  certain  steady  pressure  is  most  effectual  in 
producing  the  desired  flatness  of  surface.  When  all  the 
roughnesses  have  been  removed,  which  can  be  told  after 
the  chip  has  been  dipped  in  water  so  as  to  remove  the 
mud  and  emery,  we  place  the  specimen  upon  the  square 
of  plate-glass,  and  with  flour-emery  and  water  continue 
to  rub  it  down  until  all  the  scratches  caused  by  the 
coarse  emery  have  been  removed  and  a  smooth  polished 
surface  has  been  produced.  Care  should  be  taken  to 
wash  the  chip  entirely  free  of  any  grains  of  coarse  emery 
before  beginning  to  the  polishing  on  glass.  It  is  desir- 
able also  to  reserve  the  glass  for  polishing  only.  The 
emery  gets  finer  and  finer  the  longer  it  is  used,  so  that 
by  remaining  on  the  plate  it  may  be  used  many  times  in 
succession.  Of  course  the  glass  itself  is  worn  down,  but 
by  using  alternately  every  portion  of  its  surface  and  on 
both  sides,  one  plate  may  be  made  to  last  a  considerable 
time.  If  after  drying  and  examining  it  carefully,  we  find 
the  surface  of  the  chip  to  be  polished  and  free  from 
scratches,  we  may  advance  to  the  next  process.  But  it 
will  often  happen  that  the  surface  is  still  finely  scratched. 
In  this  case  we  may  place  the  chip  upon  the  Water-of- 
Ayr  stone  and  with  a  little  water  gently  rub  it  to  and  fro. 
It  should  be  held  quite  flat  The  Water-of-Ayr  stone 
too  should  not  be  allowed  to  get  worn  into  a  hollow,  but 
should  be  kept  quite  flat,  otherwise  we  shall  lose  part 
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of  the  chip.  Some  soft  rocks,  however,  will  not  take  an 
unscratched  surface  even  with  the  Water-of-Ayr  stone. 
These  may  be  finished  with  putty-powder,  applied  with  a 
bit  of  woollen  rag. 

The  desired  flatness  and  polish  having  been  secured,  and 
all  trace  of  scratches  and  dirt  having  been  completely  re- 
moved, we  proceed  to  grind  down  the  opposite  side  and 
reduce  the  chip  to  the  requisite  degree  of  thinness.  The 
first  step  at  this  stage  is  to  cement  the  polished  surface  of 
the  chip  to  one  of  the  pieces  of  common  glass.  A  thin 
piece  of  iron  (a  common  shovel  does  quite  well)  is  heated 
over  a  fire,  or  is  placed  between  two  supports  over  a 
gas-flame.  On  this  plate  must  be  laid  the  piece  of  glass 
to  which  the  specimen  is  to  be  affixed,  and  the  specimen 
itself.  A  little  Canada  balsam  is  dropped  on  the  centre 
of  the  glass  and  allowed  to  remain  until  it  has  acquired 
the  necessary  consistency.  To  test  this  condition,  the 
point  of  a  knife  should  be  inserted  into  the  balsam,  and 
on  being  removed  should  be  rapidly  cooled  by  being 
pressed  against  some  cold  surface.  If  it  soon  becomes 
hard  it  has  been  sufficiently  heated.  Care,  however,  must 
be  observed  not  to  let  it  remain  too  long  on  the  hot 
plate;  for  it  will  then  become  brittle  and  start  from  the 
glass  at  some  future  stage,  or  at  least  will  break  away 
from  the  edges  of  the  chip  and  leave  them  exposed  to 
the  risk  of  being  frayed  off.  The  heat  should  be  kept 
as  moderate  as  possible,  for  if  it  becomes  too  great  it 
may  injure  some  portions  of  the  rock.  Chlorite,  for  ex- 
ample, is  rendered  quite  opaque  if  the  heat  is  so  great 
as  to  drive  off  its  water. 

When  the  balsam  is  found  to  be  ready,  the  chip,  which 
has  been  warmed  on  the  same  plate,  is  lifted  with  the 
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forceps  and  its  polished  side  is  laid  gently  down  upon  the 
balsam.  It  is  well  to  let  one  end  touch  the  balsam  first,  and 
then  gradually  to  lower  the  other,  as  in  this  way  the  air  is 
driven  out.  With  the  point  of  a  knife  the  chip  should 
be  moved  about  a  little,  so  as  to  expel  any  bubbles  of  air 
and  promote  a  firm  cohesion  between  the  glass  and  the 
stone.  The  glass  is  now  removed  with  the  forceps  from 
the  plate  and  put  upon  the  table,  and  a  lead  weight  or 
other  small  heavy  object  is  placed  upon  the  chip,  so  as 
to  keep  it  pressed  down  until  the  balsam  has  cooled 
and  hardened.  If  the  operation  has  been  successful  the 
slide  ought  to  be  ready  for  further  treatment  as  soon  as 
the  balsam  has  become  cold.  If,  however,  the  balsam 
is  still  soft,  the  glass  must  be  again  placed  on  the  plate 
and  gently  heated,  until  on  cooling  the  balsam  resists  the 
pressure  of  the  finger-nail. 

Having  now  produced  a  firm  union  of  the  chip  and 
the  glass,  we  proceed  to  rub  down  the  remaining  side 
of  the  stone  with  coarse  emery  on  the  iron  plate  as 
before.  If  the  glass  cannot  be  held  in  the  hand  or 
moved  by  the  simple  pressure  of  the  fingers,  which  usually 
suffices,  it  may  be  fastened  to  the  end  of  the  bobbin 
with  the  rosin  cement  as  before.  When  the  chip  has  thus 
been  reduced  until  it  is  tolerably  thin,  until,  for  example, 
light  begins  to  appear  through  it  when  held  between  the 
eye  and  the  window,  we  may,  as  before,  wash  it  clear  of 
the  coarse  emery  and  continue  the  reduction  of  it  on  the 
glass  plate  with  fine  emery.  Crystalline  rocks,  such  as 
granite,  gneiss,  diorite,  dolerite,  and  modern  lavas,  can 
be  reduced  to  the  required  thinness  on  the  glass.  Softer 
rocks  may  require  gentle  treatment  with  the  Water -of- 
Ayr  stone. 
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The  last  parts  of  the  process  are  the  most  delicate  of 
all.  We  desire  to  make  the  section  as  thin  as  possible, 
and  for  that  purpose  continue  rubbing  until  after  one 
final  attempt  we  perhaps  find  to  our  dismay  that  great  part 
of  the  slice  has  disappeared.  The  utmost  caution  must 
consequently  be  used.  The  slide  should  be  kept  as  flat  as 
possible,  and  looked  at  frequently,  that  the  first  indications 
of  disruption  may  be  detected.  The  thinness  desirable  or 
attainable  depends  in  great  measure  upon  the  nature  of 
the  rock.  Transparent  minerals  need  not  be  so  much 
reduced  as  more  opaque  ones.  Some  minerals,  indeed, 
remain  absolutely  opaque  to  the  last,  like  pyrite,  mag- 
netite, and  ilmenite. 

The  slide  is  now  ready  for  the  microscope.  It  ought 
always  to  be  examined  with  that  instrument  at  this  stage. 
We  can  thus  see  whether  it  is  thin  enough,  and  if  any 
chemical  tests  are  required  they  can  readily  be  applied  to 
the  exposed  surface  of  the  slice.  If  the  rock  has  proved 
to  be  very  brittle,  and  we  have  only  succeeded  in  pro- 
curing a  thin  slice  after  much  labour  and  several  failures, 
nothing  further  should  be  done  with  the  preparation 
unless  to  cover  it  with  glass,  as  will  be  immediately 
explained,  which  not  only  protects  it,  but  adds  to  its 
transparency.  But  where  the  slice  is  not  so  fragile,  and 
will  bear  removal  from  its  original  rough  scratched  piece 
of  glass,  it  should  be  transferred  to  one  of  the  glass-slides 
(No.  10).  For  this  purpose  the  preparation  is  once  more 
placed  on  the  warm  iron  plate,  and  close  alongside  of  it 
is  put  the  glass-slide,  which  has  been  carefully  cleaned, 
and  on  the  middle  of  which  a  little  Canada  balsam 
has  been  dropped.  The  heat  gradually  loosens  the 
cohesion  of  the  slice,  which  is  then  very  gently  pushed 
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along  to  the  contiguous  clean  slip  of  glass.  Considerable 
practice  is  needed  in  this  part  of  the  work,  as  the  slice, 
being  so  thin,  is  apt  to  go  to  pieces  in  being  transferred. 
A  gentle  inclination  of  the  warm  plate  is  advantageous, 
so  that  a  tendency  may  be  given  to  the  slice  to  slip 
downwards  of  itself  on  to  the  clean  glass.  We  must 
never  attempt  to  lift  the  slice.  All  shiftings  of  its  posi- 
tion should  be  performed  with  the  point  of  a  long 
needle  or  other  sharp  instrument.  If  it  goes  to  pieces  we 
may  yet  be  able  to  pilot  the  fragments  to  their  resting 
place  on  the  balsam  of  the  new  glass,  and  the  resulting 
slide  may  be  sufficient  for  the  required  purpose. 

When  the  slice  has  been  safely  conducted  to  the  centre 
of  the  glass  slip,  we  put  a  little  Canada  balsam  over  it, 
and  allow  it  to  be  warmed  as  before.  Then  taking  with 
the  forceps  one  of  the  well-cleaned  thin  cover-glasses,  we 
allow  it  gradually  to  rest  upon  the  slice  by  letting  down  first 
one  side,  and  then  by  degrees  the  whole.  A  few  gentle 
circular  movements  of  the  cover-glass  with  the  point  of 
the  needle  or  the  forceps  may  be  needed  to  ensure  the 
total  disappearance  of  air-bubbles.  When  these  do  not 
appear,  and  when,  as  before,  we  find  that  the  balsam  has 
acquired  the  proper  degree  of  consistence,  the  slide  con- 
taining the  slice  is  removed,  and  placed  on  the  table  with 
a  small  lead  weight  above  it  in  the  same  way  as  already 
described.  On  becoming  quite  cold  and  hard  the  super- 
abundant balsam  round  the  edge  of  the  cover-glass  may 
be  scraped  off  with  a  knife,  and  any  which  still  ad- 
heres to  the  glass  may  be  removed  with  a  little  spirits 
of  wine. 

Small  labels  should  be  kept  ready  for  affixing  to  the 
slides  to  mark  the  locality  and  reference  number  of  the 
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specimen.  Thus  labelled  the  slide  may  be  put  away  for 
future  study  and  comparison. 

The  whole  process  seems  perhaps  a  little  tedious.  But 
in  reality  much  of  it  is  so  mechanical  that  after  the  mode 
of  manipulation  has  been  learnt  by  a  little  experience, 
the  rubbing-down  may  be  done  while  the  operator  is 
reading.  Thus  in  the  evening,  when  enjoying  a  pleasant 
book  after  his  day  in  the  field,  he  may  at  the  same  time 
with  some  practice  rub  down  his  rock-chips,  and  thus  get 
over  the  drudgery  of  the  operation  almost  unconsciously. 

Boxes  with  grooved  sides  for  carrying  microscopic  slides 
are  sold  in  different  sizes.  Such  boxes  are  most  convenient 
for  field-work,  as  they  go  into  small  space,  and  with  the 
help  of  a  little  cotton-wool  they  hold  the  glass-slides 
firmly  without  risk  of  breakage.  For  a  final  resting-place, 
a  case  with  shallow  trays  or  drawers  in  which  the  slides 
can  lie  flat  is  most  convenient. 

One  final  remark  may  here  be  required.  The  learner 
must  not  suppose  that  having  prepared  his  slices,  he  has 
nothing  to  do  but  to  place  them  under  the  microscope 
and  at  once  determine  their  composition.  He  will  find 
it  by  no  means  an  easy  task  to  make  satisfactory  progress, 
and  at  first  he  may  be  inclined  to  abandon  microscopic 
work  in  despair  of  ever  gaining  confidence  in  it.  Let 
him,  however,  begin  by  studying  individual  minerals,  and 
make  himself  acquainted  gradually  with  their  various 
characters.  He  should  procure  numerous  sections  of 
minerals  which  enter  into  the  composition  of  the  rocks 
which  he  wishes  to  investigate.  By  degrees  he  will  be 
able  to  discriminate  them  as  they  occur  in  the  rocks, 
and  once  able  to  do  this,  his  progress  will  be  compara- 
tively smooth.  But  he  must  be  prepared  for  a  long 
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patient  course  of  training,  and  ought  on  no  account  to 
speak  confidently  about  the  microscopic  structure  of 
rocks  until  he  feels  assured  that  the  confidence  arises 
from  sound  knowledge. 


THE   MICROSCOPE. 

As  already  stated  (ante,  p.  30),  it  is  not  necessary  to 
procure  an  expensive  microscope  with  veiy  high  magni- 
fying powers.  For  most  purposes  of  the  field-geologist 
the  i^-inch  objective  with  a  magnifying  power  of  from  20  to 
50  or  60  diameters,  according  to  the  eye-pieces  employed, 
will  be  found  the  most  generally  useful.  But  he  should 
also  have  an  objective  capable  of  giving,  with  suitable  eye- 
piece combinations,  magnification  up  to  from  200  to  300 
diameters.  A  nose-piece  for  both  objectives  screwed  to 
the  foot  of  the  tube  saves  much  time  and  trouble  by 
enabling  the  observer  at  once  to  pass  from  a  low  to  a 
high  power.  Two  Nicol  prisms  are  indispensable ;  one 
of  these  is  to  be  fitted  below  the  stage,  the  other  is  most 
advantageously  placed  over  the  eye-piece.  A  quartz- 
plate  is  useful.  It  should  be  so  arranged  below  the 
stage  as  to  be  conveniently  slipped  in  and  out  of  the  field 
as  required.  The  numerous  small  pieces  of  apparatus 
necessary  for  physiological  work  are  not  needed  in  the 
examination  of  rocks  and  minerals. 

Reflected  Light. — It  is  always  desirable  to  observe  the 
characters  of  a  rock  as  an  opaque  object.  This  cannot 
usually  be  done  with  a  broken  fragment  of  the  stone, 
except  of  course  with  very  low  powers.  Hence  one  of 
the  most  useful  preliminary  examinations  of  a  prepared 
slice  is  to  place  it  in  the  field,  and,  throwing  the  mirror 
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out  of  gear,  to  converge  as  strong  a  light  upon  it  as  can 
be  had,  short  of  bright  direct  sunlight.  The  advantage 
of  this  method  is  more  particularly  noticeable  in  the  case 
of  opaque  minerals.  The  sulphides  and  iron  oxides  so 
abundant  in  rocks  appear  as  densely  black  objects  with 
transmitted  light,  and  show  only  their  external  form.  But 
by  throwing  a  strong  light  upon  their  surface  we  may 
often  discover  that  they  possess  a  distinct  and  character- 
istic internal  structure.  Titaniferous  iron  is  an  admirable 
example  of  the  advantage  of  this  method.  Seen  with 
transmitted  light  that  mineral  appears  in  black,  utterly 
structureless  grains  or  opaque  patches,  though  frequently 
bounded  by  definite  lines  and  angles.  But  with  re- 
flected light  the  cleavage  and  lines  of  growth  of  the 
mineral  can  then  often  be  clearly  seen,  and  what  seemed 
to  be  uniform  black  patches  are  then  found  in  many 
cases  to  inclose  bright  brassy  kernels  of  pyrite. 

Transmitted  Light. — It  is,  of  course,  with  the  light 
allowed  to  pass  through  the  prepared  slices  that  most 
of  the  microscopic  examination  of  minerals  and  rocks 
is  performed.  A  little  experience  will  show  the  learner 
that  in  viewing  objects  in  this  way  he  may  obtain  some- 
what different  results  from  two  slices  of  the  same  rock 
according  to  their  relative  thinness.  In  the  thicker  one 
a  certain  mineral  will  appear  perhaps  brown  or  almost 
black,  while  in  the  other  what  is  evidently  the  same 
mineral  may  be  pale  yellow  or  green,  or  almost  colour- 
less. 

Dichroism. — Some  minerals  show  a  change  of  colour 
when  a  Nicol  prism  is  rotated  below  them.  Hornblende, 
for  example,  exhibits  a  gradation  from  deep  brown  to 
dark  yellow — a  mineral  presenting  this  change  is  said  to 
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be  dichroic.  To  ascertain  the  dichroism  of  any  mineral 
we  remove  the  upper  polarizing  prism  and  leave  only 
the  lower.  If  as  we  rotate  the  latter  directly  under  the 
stage  of  the  microscope  no  change  of  tint  can  be  ob- 
served, there  is  no  dichroic  mineral  present,  or  at  least 
none  which  shows  dichroism  at  the  angle  through  which 
it  has  been  cut.  But  we  may  often  detect  little  crystals 
which  offer  a  lively  change  of  tone  as  the  prism  goes 
round ;  these  are  examples  of  dichroism.  This  behaviour 
may  be  used  to  discriminate  the  mineral  constituents  of 
rocks.  Thus  the  two  minerals  hornblende  and  augite  in 
many  respects  resemble  each  other.  They  differ  in  their 
cleavage  angles,  but  these  cannot  always  be  found  in 
microscopic  slices.  Augite,  however,  remains  passive  or 
nearly  so  while  the  lower  prism  is  rotated :  it  is  not 
dichroic,  or  only  very  feebly  so.  Hornblende,  on  the 
other  hand,  is  very  strongly  dichroic. 

Polarized  Light. — By  means  of  polarized  light  an 
exceedingly  delicate  method  of  investigation  is  made 
available.  We  use  both  the  Nicol  prisms.  If  the  object 
is  a  piece  of  glass,  or  an  amorphous  body,  or  a  crystal 
belonging  to  some  substance  which  crystallizes  in  the 
regular  or  cubic  system,  the  light  will  reach  our  eye 
unaffected  by  the  intervention  of  the  object.  The  field 
will  remain  dark  when  the  axes  of  the  two  prisms  are 
at  right  angles,  in  the  same  way  as  if  no  intervening 
object  were  there.  If  however,  the  substance  under 
examination  is  a  mineral  belonging  to  one  of  the  other 
crystallographic  systems,  it  will  modify  the  polarized 
beam  of  light.  On  rotating  one  of  the  prisms  we 
perceive  bands  or  flashes  of  colour,  and  numerous 
lines  appear  which  before  were  invisible.  The  field 
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no  longer  remains  dark  when  the  two  Nicol  prisms  are 
crossed. 

It  is  evident,  therefore,  that  we  may  readily  tell  by  this 
means  whether  or  not  a  rock  contains  any  glassy  con- 
stituent. If  it  does,  then  that  portion  of  its  mass  will 
become  dark  when  the  prisms  are  crossed,  while  the 
cr)  stalline  parts  will  remain  conspicuous  by  their  bright- 
ness. A  thin  plate  of  quartz  makes  this  separation  of  the 
glassy  and  crystalline  parts  of  a  rock  even  more  satisfac- 
tory. It  is  placed  under  the  stage,  and  the  Nicol  prisms 
are  so  adjusted  with  reference  to  it  that  the  field  of  the 
microscope  appears  uniformly  violet.  The  glassy  portion 
of  any  rock  placed  on  the  stage  will  allow  the  violet  light 
to  pass  through  unchanged,  but  the  crystalline  portions 
will  show  other  prismatic  colours.  The  object  should  be 
rotated  in  the  field  and  the  eye  kept  steadily  fixed  upon 
one  portion  of  the  slide  at  a  time,  so  that  any  change  may 
be  observed. 

It  would  be  far  beyond  the  compass  of  this  little  hand- 
book to  enter  fully  into  the  microscopic  examination  of 
rocks.  The  student  who  desires  to  pursue  the  subject 
further  will  find  much  assistance  in  the  works  quoted 
below.1  For  his  satisfaction  in  the  determination  of  rocks 
he  may  propound  to  himself  the  following  questions  : — 
ist,  Is  the  rock  entirely  crystalline,  consisting  solely  of 
crystals  of  different  minerals  interlaced  ;  and  if  so,  what 
are  these  minerals  ?  2nd,  Is  there  any  trace  of  a  glassy 
ground-mass?  If  there  is  he  may  remove  the  rock  at 
once  from  the  granite  series.  3rd,  Can  he  detect  any 
evidence  of  the  devitrification  of  what  must  have  been 

1  Sorby  "  On  the  Microscopic  Struc'ure  of  Crystals,  "indicating 
the  Origin  of.  Minerals  and  Rocks,"  Quart.  Jonrn.  Gco.  Soc.  xiv. 
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at  one  time  the  glassy  basis  of  the  whole  rock?  This 
devitrification  might  be  shown  by  the  appearance  of 
numerous  microscopic  hairs,  rods,  bundles  of  feather- 
like  irregular  or  granular  aggregations.  4th,  In  what 
order  did  the  minerals  crystallize  ?  This  may  often 
be  very  clearly  made  out  with  the  microscope,  as,  for 
instance,  where  one  mineral  is  completely  inclosed 
within  another.  5th,  What  is  the  nature  of  any  altera- 
tion which  the  rock  may  have  undergone  ?  In  a  vast 
number  of  cases  the  slices  show  abundant  evidence  of 
such  metamorphism;  felspar  passing  into  a  granular  kaolin, 
augite  changing  into  various  indefinite  green  products 
termed  "  viridite,"  olivine  into  serpentine,  while 
secondary  calcite,  quartz,  and  zeolites  run  in  minute 
veins  or  fill  up  interstices  of  the  rock.  6th,  Is  the  rock 
a  fragmental  one ;  and  if  so,  what  is  the  nature  of  its 
component  grains  ?  Is  any  trace  of  organic  remains  to 
be  detected  ? 


In  fine,  I  return  once  more  to  the  main  purpose  of 
this  book,  which  is  to  induce  the  reader  to  cultivate 
geology  as  an  out-of-door  recreation,  and  to  give  him  a 
few  hints  for  his  guidance.  Apart  from  its  healthful 
mental  training  as  a  branch  of  ordinary  education, 

453;  Zirkel's  Mikroskopische  Bescha/enheit  der  Mineralien  und 
Gesteine  (Leipzig,  1873) ;  Rosenbusch's  Mikroskofische  Physiographic 
der  Mineralien  und  Gesteine,  2  vols.  (Stuttgart,  1873,  1876).  [Since 
this  note  was  in  type  an  excellent  manual  on  petrography  by  my 
friend  Mr.  F.  Rutley,  has  been  published  by  Messrs.  Longman 
and  Co.] 
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geology  as  an  open-air  pursuit  affords  an  admirable 
training  in  habits  of  observation,  furnishes  a  delightful 
relief  from  the  cares  and  routine  of  every-day  life,  takes 
us  into  the  open  fields,  and  the  free  fresh  face  of  nature, 
leads  us  into  all  manner  of  sequestered  nooks,  whither 
hardly  any  other  occupation  or  interest  would  be  likely 
to  send  us,  sets  before  us  problems  of  the  highest  in- 
terest regarding  the  history  of  the  ground  beneath  our 
feet,  and  thus  gives  a  new  charm  to  scenery  which  may 
be  already  replete  with  attractions.  Even,  therefore, 
should  the  reader  never  write  a  single  sentence  of  geo- 
logical description,  nor  venture  to  put  one  geological 
line  upon  a  map,  he  may  gain  from  the  prosecution  of 
field-geology  many  a  happy  and  profitable  hour,  alike  in 
the  country  into  which  the  pursuit  leads  him,  and  in  his 
own  home  with  quiet  reflection  on  what  he  has  seen  and 
done  in  the  field. 
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Acid-bude,  27 

Acid  test  f  or  minerals  and  recks,  188 
Alb.te,  196 
Alums,  199 

Amygdaloidal  texture,  57,  152 
Anhydrite,  199 
Anorthite,  196 
Anthracite,  200 
Anticlines,  134 
Apatite,  190 
Aragomte,  196 

Artibt.c    power    in    geological     map- 
making,  96,  105 
Asphalt,  200 
Augite,  197,  213 


Barytes,  199 

Basalt  intruded  among  carbonacecus 

rocks,  149 

Basalt,  weathering  of,  52,  90,  188 
Biot.te,  196 

Black  colours  of  rocks,  62 
Blends,  ic 4 

Blowpipe  apparatus,  29,  191 
Blowpipe,  use  of,  190 
Blue  colour  of  rocks,  64 
Buulder-clay,  172,  177 
Boulders,  172,  177 
Boundary-lines,  geological,  87,  95 
Breccia,  59 
Brick  earth.  169 
Bronzite,  198 
Brown  colour  of  rocks,  63 


Calcedony,  195 
Calcite,  199 

Canoes  in  peat-mosses,  168 
Celadonite,  198 
Celestine,  199 


Cellular  structure  of  rocks,  57 

Chalcopyrits,  194 

Chemical  work  of  field -geolgist,  188 

Chiastolite,  196 

Chlorite,  198,  206 

Climate,  ind.cated  by  fossils,  75 

Clinometer,  24,  97 

Coal,  formation  of,  82 

alteration  of,  by  igneous  rocks,  149 
Coast-ice,  174 
Compass,  pocket,  23,  97 
Conglomerate,  59,  73,  91 
Contortion  of  rocks,  at  landslips,  136 

regional,  137 
Cordiente,  197 

Cornwall,  mining  tracts  of,  164 
Crannoges,  169 

Crystalline  texture  of  rocks,  54 
Curvature  of  rocks,  131 

at  landslips,  136 


Delessite,  168 

Detritus,  rounded  and  angular,  91 

Diallage,  197 

Dichroism,  212 

Dip  of  rocks,  97 

Dolomite,  199 

"  Drums"  of  boulder-clay,  172 

Dykes,  146,  147,  148,  153,  155 


Earth-worm,  geological  operation  tf, 

89 

Elevation,  proved  by  fossils,  80 
Enstatite,  198 
Epidcte.  197 
Erratic  blocks,  172 
Escarpments,  123,  173 
Eskers,  172 
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Faults,  nature  of,  117 

apt  to  be  concealed  at  the  surface, 


generally  form  no  feature  above 

Haematite,  195 
Hammer,  geological,  20 

ground,  119 
how  detected  and  traced,  120,  126 

Hardness  of  minerals  and  rocks,  60 
Haiiyne,  196 

hade  or  inclination  of,  120 

Hayden,  Dr.  F.  V.,  method  of  survey- 

indicated by  springs,  122 

ing  by,  37,  45 

strata  inverted  by,  125 

Highlands  of  Scotland,   geology  of, 

d'p-,  129 

121,  128,  137,  160,  161 

strike-,  129 

Horizontal   strata,  how  mapped,    94, 

contortions  accompanying,  136 

101 

strata  vertical  at,  127 

Hornblende,  197,  212 

Field-geology,  defined,  8,  18 

first  essays  in.  10,  39,  48 

accoutrement  for,  19 

I 

Fingal's  Cave,  146 

Fireclay,  59 

Ice,  transporting  power  of,  174,  177 

Fluor-spar,  195 

Icebergs,  action  of,  174 

Foliation    coincident    with    stratifica- 

Iceworn rock-surfaces,  174,  176 

tion,  162 

Igneous  rocks,  alteration  effected  by. 

Footprints,  fossil,  78 

148 

Fossil,  definition  of,  70 

alteration  of,  in  contact  with  coal, 

Fossilization,  conditions  of,  71 

149 

Fossils,  hunting  for,  n,  73 

determination  of,  141 

often  beget  a  taste  for  geology, 
n,  70 

interbedded,  144,  150 
interstratifications  of,  145,  153 

uses  of,  12,  70,  75,  168 

intrusive,  144,  146 

plutonic,  144,  154 

volcanic,  144 

G 

sandstone,  filling  cracks  in,  152 

Galena,  194 
Garnet,  197 

Ilmenite,  195.  208,  232 
Indoor  geological  work,  179 
Inversion  of  strata,  at  faults,  125 

Geographical  conditions  indicated  by 
fossils,  76 
Geology,  Field,  defined,  8,  18 

in  mountain  chains.  &c.,  138 
proved  by  fossils,  82 
Iron,  the  great  pigment  in  rocks.  62 

practical  knowledge  of,  how  to  be 

acquired,  7 

surface,  166 

J 

Geological  horizons   fixed  by  fossils, 
Geological  horizons,  importance  of,  134 

Joints,  influence  of,  in  scenery,  if6 

Geological  map,  definition  of,  33 

contractions  used  on,  38 

K 

construction  of,  106 

Geological  processes,  16 
Geological  Survey  of   Great    Britain, 
19,  21,  23,  28,  34,  38,  42,  130,  150, 

Kames  (Eskers,  Osar),  172 
Kaolin,  197 
Kyamite,  158,  196 

154,  184 

Glacier  moraines,  172 

Glaciers,  transport  by,  174 

L 

Glaciatirn,  174 
Glaucon.te,  198 

Labradorite,  196 

Gneiss,  159 

Lake-bottoms,   traces    of,   shown  by 

Granite-veins,  155 

fossils,  78 

Granite,  weathering  of,  52,  67 

Land-surfaces,  indicated  by  fossil  evi- 

Graphite, 194 
Green  colour  of  rocks,  64 

dence,  77 

Landslips,  contorted  strata  at,  136 

Grey  colour  of  rocks,  65 

Lens  for  field-geology,  23 

Gypsum,  199 

Leucite,  196 
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Limestone  in  schist',  ieo 
Limestone,  crinoidal,  59,  82 

weathering  of,  52,  74,  90 
Limonite,  195 

Logan,  Sir  W.  E.,  his  geolog-'cal  Sur- 
vey of  Canada,  27,  36 
London-basin,  183 

M 

Magnetite,  193,  195,  208 

Maps,  geological,  construction  of,  36 

importance  of,  in  geology,  20,  31 

influence  of  incorrect,  34 
Marcasite,  194 
Microscope,  30,  211 
Microscopical  investigation  of  rocks, 

142,  143,  201 

Mineralogy,  uses  of,  14,  49 
Minerals,  a  guide  to  geological  struc- 
ture, 157 

identification  of,  188 
Mineral-veins,  162 

how  detected,  163 
Mole,  geological  operation  of,  89 
Monoclinic  felspar,  196 
Moraines  of  glaciers,  172 
Mud,  59 
Muscovite,  196 

N 

Necks  or  volcan;c  pipes,  146,  149,  154 

Nepheline.  190,  196 

Nosean,  196 

Note-book,  form  and  use  of,  26 


Oligoclase,  196 

Ordnance  Survey,  maps  of,  185 

Orthoclase,  196 

Osar(Eskers,  Kames),  172 

Ottrelite,  197 

Outcrop,  100,  101,  103 

Overlap,  no 


Peat-mosses,  163 

Pencils,  use  of  coloured,  in  field-work, 

Petrography,  49 
Plagioclase  felspar,  196 
Polarized  light,  213 
Porphyritic  texture,  56 
Psilomelane,  195 
Pyrite,  194,  208 


Quartz,  190,  195 


Rabbits,  geological  operation  of.  89 
Rain-prints,    occurrence    of,     among 

rocks,  77 

Reconnaissances,  geological,  39 
Red  colours  of  rocks,  origin  of,  63 
Reflected  light  in  microscopic  research, 

Ripple-mark  in  rocks,  77 
River-action  as  a  geological  operation, 

76,  174 

River-terraces,  170 

Rocks,  alteration  of,  by  igneous  intru- 
sion, 148 

behaviour  of,  in  mass,  67 

cellular  structure  of,  151 

chronology  of,  83 

cleavage  of,  138 

collecting  of,  14,  18 

colours  of,  50,  62 

crystalline,  54 

curvature  of,  130 

determination  of,  48,  141,  188,  202 

effects  of  different,  on  scenery,  67 

feel  of,  62 

fine-grained,  58 

foliated,  161 

fragmental,  58,  143 

fresh  fracture  and  weathering  of. 

glassy,  57 

hardness  of,  60,  143 

homy,  57 

igneous,  141 

inversions  of,  137 

joints  of,  166 

microscopical  investigation  of,  202 

organically  derived,  59 

schistose,  57,  142,  156 

slaggy  structure  of,  151 

smell  of,  62 

stratigraphical  succession  of,  108 

streak  of,  60 

structure  and  texture  of,  54 
Rock-salt,  195 
Rock-slicing  apparatus,  29 


Sapomte,  198 

Scenery,  geological  conditions  of,  67, 

105,  166 
Schistose  rocks,  characters  of,  57,  142. 
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Schistose  rocks,  foliation  of,  159,  160 

grits  and  conglomerates  in,  162 

investigation  of,  157 

limestone  in,  160 

minerals  in,  158 
Schistose  texture  of  rocks,  57 
Scoriaceous  texture  of  rocks,  57 
Scotland  (see  Highlands) 
Sea,  action  of,  in  geology,  16,  174 
Sea,   traces    of    former    presence   cf, 

proved  by  fossils,  13,  78 
Sections,  geological,  construction  of, 


Talc,  198 

Terrestrial  movements  proved  by  fossils, 
80 

Thickness  of  rocks,  how  estimated,  109 

Time  in  geology,  114 

Topography  of  maps,  34 

Tourmaline,  196 

Transmitted  light  in  microscopic  re- 
search, 212 

Triclinic  felspars,  196 

Tuffs,  volcanic,  59,  143,  150, 


distorted,  183 

A  LUIS,   vujuiuili;,  5y,   143,   i^u,   1;,^ 

horizontal,  182 

u 

natural,  87,  91 

on  true  scale,  183 
vertical,  182 
Serpentine,  198 

Unconf  rmability,  in,  113 
United  States,  scenery  and  geology  in, 
66,  68 

Shale,  59 
Shale,  alteration  of,  by  igneous  rocks. 
148 

Geological  Survey  of,  37,  45 
Uralite,  198 

Siderite,  199 

v 

Sketching,  value  of,  in  field-geology, 

40.  1  80 
Slickensides,  175,  176 
Smaragdite,  198 

Veins,  mineral,  detection  of,  162 
Veins  of  igneous  reck,  146,  147,  153, 

Smith,  William,   his  geological  work, 
84 
Soil,  formation  of,  88 

Veinstones,  163 
Vicissitudes  in  geology,  3,  85 
Vivianite,  199 

Sphene,  200 
Springs,  use  of,  in  field-geology,  90, 

Volcanic  cones,  structure  of,  153 

122 

Staffa,  columnar  basalt  of,  146 

W 

Stone  implements  as  fossils,  168,  171 

Wad,  195 

Striated  rock  surfaces,  174,  176,  177 
Strike  of  rocks,  103 

Waves,  action  of,  16,  174 
Weathering  of  rocks.  5,  51,  62,  74..  141, 

Submerged  forests,  81 
Subsidence  of  land,  proved  by  fossils, 

1  88 
White  colour  of  rocks.  62 
Worm-burrows  and  trails,  77 

Subsoil,  formation  of,  88 

Sulphides,  194,  208,  211 

Y 

Sulphur,  194 
Sun-cracked  rock-surfaces,  78 
Superficial  deposits,  15,  168 

Yellow  colours  of  rocks.  63 

Surface  geology,  166 

mounds,  171 

•                        Z 

Synclines,  structure  of,  134 
form  hills,  135 

Zeolites,  197 
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CLASSICS. 

ELEMENTARY    CLASSICS. 

i8mo,  Eighteenpence  each. 

THIS  SERIES  FALLS  INTO  TWO  CLASSES — 

(1)  First   Reading   Books   for    Beginners,  provided   not 
only    with     Introductions     and     Notes,     but     with 
Vocabularies,   and    in    some    cases    with    Exercises 
based  upon  the  Text 

(2)  Stepping-stones  to  the  study  of  particular   authors, 
intended  for  more  advanced  students  who  are  beginning 
to  read  such  authors  as  Terence,  Plato,  the  Attic  Dramatists, 
and    the    harder    parts    of    Cicero,    Horace,    Virgil,   and 

Thucydides. 

These  are  provided  with  Introductions  and  Notes,  but 
no  Vocabulary.  The  Publishers  have  been  led  to  pro- 
vide the  more  strictly  Elementary  Books  with  Vocabularies 
by  the  representations  of  many  teachers,  who  hold  that  be- 
ginners do  not  understand  the  use  of  a  Dictionary,  and  of 
•others  who,  in  the  case  of  middle-class  schools  where  the 
cost  of  books  is  a  serious  consideration,  advocate  the 
Vocabulary  system  on  grounds  of  economy.  It  is  hoped 
that  the  two  parts  of  the  Series,  fitting  into  one  another, 
may  together  fulfil  all  the  requirements  of  Elementary  and 
Preparatory  Schools,  and  the  Lower  Forms  of  Public 
Schools. 

b  2 
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The  following  Elementary  Books,  with  Introductions, 
Notes,  and  Vocabularies,  and  in  some  cases  with 
Kxercises,  are  either  ready  or  in  preparation : — 

Aeschylus. — PROMETHEUS  VINCTUS.  Edited  by  Rev.  H. 
M.  STEPHENSON,  M.A.  [Ready. 

Caesar — THE  GALLIC  WAR.    BOOK  i.    Edited  by  A.  s. 

WALPOLE,  M.A.  [Ready. 

THE  INVASION  OF  BRITAIN.  Being  Selections  from  Books 
IV.  and  V.  of  the  "  De  Bello  Gallico. "  Adapted  for  the  use  of 
Beginners.  With  Notes,  Vocabulary,  and  Exercises,  by  W. 
WELCH,  M.A.,  and  C.  G.  DUFFIELD,  M.A.  [Ready. 

THE  GALLIC  WAR.  BOOKS  II.  AND  III.  Edited  by  the 
Rev.  W.  G.  RUTHERFORD,  M.A.,  LL.D.,  Head-Master  of  West- 
minster School.  [Ready. 

THE  GALLIC  WAR.  SCENES  FROM  BOOKS  V.  AND  VI. 
Edited  by  C.  COLBECK,  M.A.,  Assistant-Master  at  Harrow; 
formerly  Fellow  of  Trinity  College,  Cambridge.  [Ready. 

Cicero.— DE  SENECTUTE.  Edited  by  E.  S.  SHUCKBURGH, 
M.A.,  late  Fellow  of  Emmanuel  College,  Cambridge. 

[In  the  press. 

DE  AMICITIA.     By  the  same  Editor.  [Ready. 

STORIES   OF    ROMAN  HISTORY.      Adapted  for  the   Use  of 

Beginners.     With  Notes,  Vocabulary,  and  Exercises,  by  the  Rev. 

G.  E.    JEANS,    M.A.,   P'ellow  of  Hertford  College,  Oxford,   and 

A.  V.  JONES,  M.A.,  Assistant-Masters  at  Haileybury  College. 

[Ready. 

EutroplUS. — Adapted  for  the  Use  of  Beginners.  With  Notes, 
Vocabulary,  and  Exercises,  by  WILLIAM  WELCH,  M.A.,  and  C. 
G.  DUFFIELD,  M.A.,  Assistant-Masters  at  Surrey  County  School, 
Cranleigh.  [Ready. 

Homer. — ILIAD.    BOOK  I.  Edited  by  Rev.  JOHN  BOND,  M.A., 

and  A.  S.  WALPOLE,  M.A.  [Ready. 

ILIAD.     BOOK  XVIII.     THE  ARMS  OF  ACHILLES.  Edited 

by  S.  R.  JAMES,  M.A.,  Assistant-Master  at  Eton  College.  [Ready. 

ODYSSEY.     BOOK  I.     Edited  by  Rev.  JOHN  BOND,  M.A.    and 

A.  S.  WALPOLE,  M.A.  [Ready. 

Horace. — ODES.  BOOKS  I.— IV.  Editc.-l  by  T.  E.  PAGE,  M.  A., 
late  Fellow  of  St.  John's  College,  Cambridge  ;  Assistant- Master 
at  the  Charterhouse.  Each  is.  6d.  [Ready. 
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Livy. — BOOK  I.      Edited  by  H.  M.  STEPHENSON,  M.A.,  Head 

Master  of  St.  Peter's  School,  York.  {Ready. 

THE  HANNIBALIAN  WAR.     Being  part   of  the   XXI.  AND 

XXII.   BOOKS  OF  LIVY,   adapted  for  the  use  of  beginners, 

by  G.  C.  MACAULAY,  M.A.,  Assistant-Master  at  Rugby  ;  formerly 

Fellow  of  Trinity  College,  Cambridge.  {Ready. 

THE  SIEGE  OF  SYRACUSE.  Adapted  for  the  Use  of  Beginners. 

With  Notes,  Vocabulary,  and  Exercises,  by  GEORGE  RICHARDS, 

M.A.,  and  A.  S.  WALPOLE,  M.A.  [In  the  press. 

Lucian. — SELECTIONS.  Edited  by  Rev.  JOHN  BOND,  M.A., 
and  A.  S.  WALPOLE,  M.A.  [In preparation. 

Ovid. — SELECTIONS.  Edited  by  E.  S.  SHUCKBURGH,  M.A., 
late  Fellow  and  Assistant-Tutor  of  Emmanuel  College,  Cambridge. 

[Ready. 

Phsedrus.— SELECT  FABLES.  Adapted  for  the  Use  of  Be- 
ginners. With  Notes,  Exercises,  and  Vocabularies,  by  A.  S. 
WALPOLE,  M.A.  [Ready. 

Thucydides.— THE  RISE  OF  THE  ATHENIAN  EMPIRE. 

BOOK  I.  cc.  LXXXIX.  —  CXVII.  AND  CXXVIII.  — 
CXXXVIII.  Edited  with  Notes,  Vocabulary  and  Exercises,  by 
F.  H.  COLSON,  M.A.,  Senior  Classical  Master  at  Bradford 
Grammar  School ;  Fellow  of  St.  John's  College,  Cambridge. 

[Ready. 

Virgil. — ^NEID.     BOOK  I.     Edited  by  A.  S.  WALPOLE,  M.A. 

[Ready. 

yENEID.    BOOK  V.    Edited  by  Rev.   A.   CALVERT,  M.A.,  late 
Fellow  of  St.  John's  College,  Cambridge.  [Ready. 

SELECTIONS.     Edited  by  E.  S.  SHUCKBURGH,  M.A. 

[Ready. 

Xenophon. — ANABASIS.     BOOK  I.     Edited    by  A.    s- 

WALPOLE,  M.A.  [Ready- 

THE   STORY   OF  CYRUS.     Selected  from  the  Cyropsedia,  and 

Edited,   with  Exercises,   by   A.    H.    COOKE,    Fellow  of   King's 

College,  Cambridge.  [Nearly  ready. 

The  following  more  advanced  Books,  with  Introductions 

and  Notes,  but  no  Vocabulary,  are  either  ready,  or  in 

preparation : — 

Cicero.— SELECT  LETTERS.  Edited  by  Rev.  G.  E.  JEANS, 
M.A  ,  Fellow  of  Hertford  College,  Oxford,  and  Assistant-Master 
at  Haileybury  College.  [Ready. 

Euripides. — HECUBA.  Edited  by  Rev.  JOHN  BOND,  M.A 
and  A.  S.  WALPOLE,  M.A.  [Ready. 
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Herodotus. — SELECTIONS  FROM  BOOKS  VII.  AND  VIII. 
THE  EXPEDITION  OF  XERXES.  Edited  by  A.  H.  COOKE, 
M.A.,  Fellow  and  Lecturer  of  King's  College,  Cambridge. 

[Ready, 

Horace.  —  SELECTIONS    FROM    THE   SATIRES    AND 

EPISTLES.  Edited  by  Rev.  W.  J.  V.  BAKER,  M.  A.,  Fellow  of 
St.  John's  College,  Cambridge  ;  Assistant-Master  in  Marlborough 
College.  [Ready. 

SELECT  EPODES  AND  ARS  POETICA.  Edited  by  H.  A. 
DAI.TON,  M.  A.,  formerly  Senior  Student  of  Christchurch  ;  A-sistant- 
Master  in  Winchester  College.  [Ready. 

Livy.— THE  LAST  TWO  KINGS  OF  MACEDON.  SCENES 
FROM  THE  LAST  DECADE  OF  LIVY.  Selected  and  Edited 
byF.  H.  RAWLINS,  M.A.,  Fellow  of  King's  College,  Cambridge; 
and  Assistant-Master  at  Eton  College.  [In  preparation. 

Plato.— EUTHYPHRO  AND  MENEXENUS.  Edited  by  C.  E. 
GRAVES,  M.A.,  Classical  Lecturer  and  late  Fellow  of  St.  John's 
College,  Cambridge.  [Ready. 

Terence. — SCENES  FROM  THE  ANDRIA.  Edited  by  F.  W. 
CORNISH,  M.A.,  Assistant-Master  at  Eton  College.  [Ready. 

The  Greek  Elegiac  Poets.—  FROM  CALLINUS  TO 
CALLIMACHUS.  Selected  and  Edited  by  Rev.  HERBERT 
KYNASTON,  D.D.,  Principal  of  Cheltenham  College,  and  formerly 
Fellow  of  St.  John's  College,  Cambridge.  [Ready. 

Thucydides. — BOOK  IV.  CHS.  I.— XLI.  THE  CAPTURE 
OF  SPHACTERIA.  Edited  by  C.  E.  GRAVES,  M.A.  [Ready. 

Virgil. — GEORGICS.  BOOK  II.  Edited  by  Rev.  J.  H.  SKRIMK, 
M.A.,  late  Fellow  of  Merton  College,  Oxford;  Assistant-Master 
at  Uppingham.  [Ready. 

*#*  Other  Volumes  to  follow. 


CLASSICAL    SERIES 
FOR    COLLEGES    AND    SCHOOLS. 

Fcap.  8vo. 

Being  select  portions  of  Greek  and  Latin  authors,  edited 
with  Introductions  and  Notes,  for  the  use  of  Middle  and 
Upper  forms  of  Schools,  or  of  candidates  for  Public 
Examinations  at  the  Universities  and  elsewhere. 
,/Eschines. —  IN  CTESIPHONTEM.  Edited  by  Rev.  T. 
GWATKIN,  M.A.,  late  Fellow  of  St.  John's  College,  Cambridge. 

[In  the  press. 
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/Eschylus, — PERS^E.  Edited  by  A.  O.  PRICKARD,  M.A., 
Fellow  and  Tutor  of  New  College,  Oxford.  With  Map.  $s.  6d. 

Andocides. — DE  MYSTERIIS.  Edited  by  w.  j.  HICKIE,  M.A., 

formerly  Assistant  Master  in  Denstone  College,     zs.  6d. 

Caesar. — THE  GALLIC  WAR.    Edited  by  Rev.  JOHN  BOND, 

M.A.,  and  A.  S.  WALPOLE,  M.A.  [In  preparation. 

Catullus. — SELECT  POEMS.  Edited  by  F.  P.  SIMPSON,  B.A., 
late  Scholar  of  Balliol  College,  Oxford.  New  and  Revised 
Edition.  5^.  The  Text  of  this  Edition  is  carefully  adapted  to 
School  use. 

Cicero. — THE  CATILINE  ORATIONS.    From  the  German 

of  KARL  HALM.  Edited,  with  Additions,  by  A.  S.  WILKINS, 
M.A.,  LL.D.,  Professor  of  Latin  at  the  Owens  College,  Manchester. 
Examiner  of  Classics  to  the  University  of  London.  New  Edition. 
3*.  6d. 

PRO  LEGE  MANILIA.  Edited  after  HALM  by  Professor  A.  S. 
WILKINS,  M.A.,  LL.D.  zs.  6d. 

THE  SECOND  PHILIPPIC  ORATION.  From  the  German 
of  KARL  HALM.  Edited,  with  Corrections  and  Additions, 
by  JOHN  E.  B.  MAYOR,  Professor  of  Latin  in  the  University  of 
Cambridge,  and  Fellow  of  St.  John's  College.  New  Edition, 
revised.  5-f. 

PRO  ROSCIO  AMERINO.  Edited,  after  HALM,  by  E.  H.  DON- 
KIN,  M.A.,  late  Scholar  of  Lincoln  College,  Oxford ;  Assistant- 
Master  at  Sherborne  School.  4*.  6d. 

PRO  P.  SESTIO.  Edited  by  Rev.  H.  A.  HOLDEN,  M.A.,  LL.D., 
late  Fellow  of  Trinity  College,  Cambridge ;  and  late  Classical 
Examiner  to  the  University  of  London.  5*. 

Demosthenes. — DE  CORONA.     Edited  by  B.  DRAKE,  M.A., 

late  Fellow  of  King's  College,    Cambridge.      New  and  revised 

Edition.     4*.  6d. 
ADVERSUS  LEPTINEM.     Edited  by  Rev.  J.  R.  KING,  M.A., 

Fellow  and  Tutor  of  Oriel  College,  Oxford.     4*.  6d. 
THE  FIRST  PHILIPPIC.     Edited,  after  C.  REHDANTZ,  by  Rev. 

T  GWATKIN,  M.  A.,  late  Fellow  of  St.  John's  College,  Cambridge. 

zs.  6d. 
IN   MIDI  AM.     Edited    by    Prof.   A.    S.   WILKINS,    LL.D.,  and 

HERMAN  HAGER,  Ph.D.,  of    the  Owens    College,  Manchester. 

[/«  preparation. 

Euripides. — HIPPOLYTUS.  Edited  by  J.  P.  MAHAFFY,  M.  A., 
Fellow  and  Professor  of  Ancient  History  in  Trinity  College,  Dub 
lin,  and  J.  B.  BURY,  Scholar  of  Trinity  College,  Dublin.  3*.  6d. 
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Euripides.  — MEDEA.  Edited  by  A.  W.  VERRALL,  M.A., 
Fellow  and  Lecturer  of  Trinity  College,  Cambridge.  3*.  6d. 

IPHIGENIA  IN  TAURIS.  Edited  by  E.  B.  ENGLAND,  M.A. 
Lecturer  at  the  Oweus  College,  Manchester.  4*.  6d. 

Herodotus. — BOOKS  V.  AND  VI.  Edited  by  Rev.  A.  H. 
COOKE,  M.A.,  Fellow  of  King's  College,  Cambridge. 

[/«  preparation. 

Homer. — ILIAD.    BOOKS  i.,  ix.,  XL,  xvi.— xxiv.  THE 

STORY  OF  ACHILLES.  Edited  by  the  late  J.  H.  PRATT, 
M.A.,  and  WALTER  LEAF,  M.A.,  Fellows  of  Trinity  College, 
Cambridge.  6*. 

ODYSSEY.  BOOK  IX.  Edited  by  Prof.  JOHN  E.  B.  MAYOR. 
2s.  6d. 

ODYSSEY.  BOOKS  XXL— XXIV.  THE  TRIUMPH  OF 
ODYSSEUS.  Edited  by  S.  G.  HAMILTON,  B.A.,  Fellow  of 
Hertford  College,  Oxford.  3.?.  6d. 

Horace. — THE  ODES.  Edited  by  T.  E.  PAGE,  M.A.,  formerly 
Fellow  of  St.  John's  College,  Cambridge  ;  Assistant-Master  at 
Charterhouse.  6s.  (BOOKS  I.,  II.,  III.,  and  IV.  separately, 
zs.  each.) 

THE  SATIRES.     Edited  by  ARTHUR  PALMER,  M.A.,  Fellow  of 
•    Trinity  College,  Dublin ;  Professor  of  Latin  in  the  University  of 
Dublin.     6s. 

THE  EPISTLES  AND  ARS  POETICA.  Edited  by  A  S. 
WILKINS,  M.A.,  LL.D.,  Professor  of  Latin  in  Owens  College, 
Manchester ;  Examiner  in  Classics  to  the  University  of 
London.  6s. 

Isaeos.— THE  ORATIONS.  Edited  by  WILLIAM  RIDGEWAY, 
M.A.,  Fellow  of  Caius  College,  Cambridge;  and  Professor  of 
Greek  in  the  University  of  Cork.  [/«  preparation. 

Juvenal.    THIRTEEN   SATIRES.     Edited,  for  the  Use  of 

Schools,   by  E.  G.   HARDY,   M.A.,   Head-Master  of  Grantham 
Grammar  School ;  late  Fellow  of  Jesus  College,  Oxford.    5.?. 
The  Text  of  tin-;  Edition  is  carefully  adapted  to  School  use. 

SELECT  SATIRES.  Edited  by  Professor  JOHN  E.  B.  MAYOR. 
X.  AND  XI.  3*.  6d.  XII.— XVI.  4s.  6d. 


CLASSICAL  SERIES. 


Livy. — BOOKS  II.  AND  III.  Edited  by  Rev.  H.  M.  STEPHENSON, 
M.A.,  Head-Master  of  St.  Peter's  School,  York.  5^. 

BOOKS  XXI.  AND  XXII.     Edited  by  the  Rev.  W.  W.  CAPES, 
M.A.,  Reader  in  Ancient  History  at  Oxford.     With  Maps.     5.?. 

BOOKS  XXIII  AND  XXIV.     Edited  by  G.  C.  MACAULAY,  M.A., 
Assistant-Master  at  Rugby.     With  Maps.     $s. 

Lucretius.  BOOKS  I.— III.  Edited  by  J.  H.  WARBURTON 
LEE,  M.A.,  late  Scholar  of  Corpus  Christi  College,  Oxford,  and 
Assistant- Master  at  Rossall.  45-.  6d. 

Lysias. — SELECT  ORATIONS.  Edited  by  E.  S.  SHUCKBURGH, 
M.A.,  late  Assistant-Master  at  Eton  College,  formerly  Fellow  and 
Assistant-Tutor  of  Emmanuel  College,  Cambridge.  New  Edition, 
revised.  6s. 

Martial.  —  SELECT  EPIGRAMS.  Edited  by  Rev.  H.  M. 
STEPHENSON,  M.A.  6s. 

Ovid. — FASTI.     Edited  by  G.  H.  HALI.AM,  M.A.,  Fellow  of  St. 
John's   College,    Cambridge,    and   Assistant-Master  at    Harrow. 
With  Maps.     5*. 
HEROIDUM  EPISTUL^E  XIII.  Edited  by  E.  S.  SHUCKBURGH, 

M.A.     4s.  6d. 

METAMORPHOSES.     BOOKS    XIII.   AND   XIV.     Edited  by 
C.  SIMMONS,  M.A.  [In  (he press. 

PlatO. — MENO.     Edited  by  E.  S.  THOMPSON,  M.A.,  Fellow  of 

Christ's  College,  Cambridge.  [In  preparation. 

APOLOGY  AND   CRITO.      Edited  by   F.    J.  H.   JENKINSON, 

M.A.,  Fellow  of  Trinity  College,  Cambridge.  [In  preparation. 

THE  REPUBLIC.     BOOKS  I.— V.     Edited  by  T.  H.  WARREN, 
M.A.,  Fellow  of  Magdalen  College,  Oxford.  [In  the  press. 

PlautUS. — MILES  GLORIOSUS.  Edited  by  R.  Y.  TYRRELL, 
M.  A.,  Fellow  of  Trinity  College,  and  Regius  Professor  of  Greek  in 
the  University  of  Dublin.  Second  Edition  Revised.  $s. 

Pliny. — LETTERS.  BOOK  III.  Edited  by  Professor  JOHN  E.  B. 
MAYOR.  With  Life  of  Pliny  by  G.  H.  KENDALL,  M.A.  5*. 

Plutarch. — LIFE  OF  THEMISTOKLES.     Edited  by  Rev. 

H.  A.  HOLDEN,  M.A.,  LL.D.     &. 

Polybius.— HISTORY  OF  THE  ACH^AN  LEAGUE.  Being 
Parts  of  Books  II.,  III.,  and  IV.  Edited  by  W.  W.  CAPES, 
M.A.  [In  preparation. 
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Propertius. — SELECT  POEMS.  Edited  by  Professor  I.  P. 
POSTGATE,  M.A.,  Fellow  of  Trinity  College,  Cambridge.  Second 
Edition,  revised.  6s. 

SalluSt. — CATILINA  AND  JUGURTHA.  Edited  by  C.  MERI- 
VALE,  D.D.,  Dean  of  Ely.  New  Edition,  carefully  revised  and 
enlarged,  4-r.  6J.  Or  separately,  2s.  6d.  each. 

BELLUM  CATULINAE.  Edited  by  A.  M.  COOK,  M.A.,  Assist- 
ant Master  at  St.  Paul's  School.  45.  6d. 

Sophocles. — ANTIGONE.  Edited  by  Rev.  JOHN  BOND,  M.A., 
and  A.  S.  WALPOLE,  M.A.  [In  preparation. 

Tacitus. — AGRICOLA  AND  GERMANIA.  Edited  by  A.  J. 
CHURCH,  M.A.,  and  W.  J.  BRODRIBB,  M.A.,  Translators  of 
Tacitus.  New  Edition,  3*.  6d.  Or  separately,  2s.  each. 

THE  ANNALS.     BOOK  VI.     By  the  same  Editors.     2s.  6d. 

THE  HISTORY.  BOOKS  I.  AND  II.  Edited  by  A.  D.  GODI.EY, 
M.A.  [In  preparation.  Book  V.  in  the  press. 

THE  ANNALS.  BOOKS  I.  AND  II.  Edited  by  J.  S.  REID, 
M.L.,  LlTT.D.  [In  preparation. 

Terence. — HAUTON  TIMORUMENOS.     Edited  by  E.   s. 

SHUCKBURGH,  M.A.     $s.     With  Translation,  41.  6d. 

PHORMIO.  Edited  by  Rev.  JOHN  BOND,  M.A.,  and  A.  S. 
WALPOLE,  B.A.  4*.  6d. 

Thucydides.  BOOK  IV.  Edited  by  C.  E.  G  .AVES,  M.A., 
Classical  Lecturer,  and  late  Fellow  of  St.  j_>h.i'..  College, 
Cambridge.  5.5. 

BOOKS  I.  II.  III.  AND  V.  By  the  same  Editor.  To  be  published 
separately.  [In  preparation.  (Book  V.  in  the  press.) 

BOOKS  VI.  AND  VII.  THE  SICILIAN  EXPEDITION.  Edited 
by  the  Rev.  PERCIVAL  FROST,  M.A.,  late  Fellow  of  St.  John's 
College,  Cambridge.  New  Edition,  revised  and  enlarged,  with 
Map.  5*. 

Virgil. — ^ENEID.  BOOKS  II.  AND  III.  THE  NARRATIVE 
OF  AENEAS.  Edited  byE.  W.  HOWSON,  M.A.,  Fellow  of  King's 
College,  Cambridge,  and  Assistant-Master  at  Harrow.  3^. 

Xenophon. — HELLENICA,  BOOKS  I.  AND  II.  Edited  by 
H.  HAILSTONE,  B.A.,  late  Scholar  of  Peterhouse,  Cambridge. 
With  Map.  4*.  6a. 


CLASSICAL  LIBRARY. 


Xenophon.— CYROP.-EDIA.  BOOKS  VII.  AND  VIII.  Edited 
by  ALFRED  GOODWIN,  M.A-,  Professor  of  Greek  in  University 
College,  London.  $s. 

MEMORABILIA  SOCRATIS.  Edited  by  A.  R.  CLUER,  B.A. 
Balliol  College,  Oxford.  6s. 

THE  ANABASIS.  BOOKS  I.— IV.  Edited  by  Professors  W.  W. 
GOODWIN  and  J.  W.  WHITE.  Adapted  to  Goodwin's  Greek 
Grammar.  With  a  Map.  5.5-. 

HIERO.     Edited  by  Rev.  H.  A.  HOLDEN,  M.A.  LL.D.     3*.  6d. 

OECONOMICUS.  By  the  same  Editor.  With  Introduction, 
Explanatory  Notes,  Critical  Appendix,  and  Lexicon.  6s. 

***  Other  Volumes  unit  follow. 


CLASSICAL   LIBRARY. 

(i)  Texts,  Edited  with  Introductions  and  Notes, 
for  the  use  of  Advanced  Students.  (2)  Commentaries 
and  Translations. 


.—  THE    EUMENIDES.       The    Greek    Text,    with 

Introduction,  Erglish  Notes,  and  Verse  Translation.    By  BERNARD 
DRAKE,    M.A.,    late    Fellow    of    King's    College,    Cambridge. 

8vo.     $s. 

AGAMEMNON,  CHOEPHORCE,  AND  EUMENIDES.  Edited, 
with  Introduction  and  Notes,  by  A.  O.  PRICKARD,  M.A.,  Fellow 
and  Tutor  of  New  College,  Oxford.  8vo.  [In  preparation. 

AGAMEMNO.  Emendavit  DAVID  S.  MARGOLIOUTH,  Coll.  Nov. 
Oxon.  Soc.  Demy  8vo.  2s.  6d. 

SEPTEM  CONTRA  THEBAS.  Edited  with  Introduction  and 
Notes  by  A.  W.  VERRALL,  M.A.,  Fellow  of  Trinity  College, 
Cambridge.  8vo.  [/«  preparation. 

Antoninus,  Marcus  Aurelius.—  BOOK  IV.  OF  THE 
MEDITATIONS-  The  Text  Revised,  with  Translation  and 
Notes,  by  HASTINGS  CROSSLEY,  M.A.,  Professor  of  Greek  in 
Queen's  College,  Belfast.  8vo.  6s. 
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Aristotle.— THE  METAPHYSICS.  BOOK  I.  Translated  by 
a  Cambridge  Graduate.  8vo.  $s.  [Book  II.  in  preparation, 

THE  POLITICS.  Edited,  after  SUSEMIHL,  by  R.  D.  HICKS, 
M.A.,  Fellow  of  Trinity  College,  Cambridge.  8vo.  [/«  the  Aress. 

THE  POLITICS.  Translated  by  Rev.  J.  E.  C.  WELLDON,  M.A., 
Fellow  of  King's  College,  Cambridge,  and  Head-Master  of 
Harrow  School.  Crown  8vo.  ics.  6d. 

THE  RHETORIC.      By  the  same  Translator.  [In  the  press. 

AN  INTRODUCTION  TO  ARISTOTLE'S  RHETORIC. 
With  Analysis,  Notes,  and  Appendices.  By  E.  M.  COPE,  Fellow 
and  Tutor  of  Trinity  College,  Cambridge.  Svo.  14^. 

THE  SOPHISTICI  ELENCHI.  With  Translation  and  Notes 
by  E.  POSTE,  M.A.,  Fellow  of  Oriel  College,  Oxford.  Svo.  Ss.  6d. 

Aristophanes. — THE  BIRDS.  Translated  into  English  Verse, 
with  Introduction,  Notes,  and  Appendices,  by  B.  H.  KENNEDY, 
D.D.,  Regius  Professor  of  Greek  in  the  University  of  Cambridge. 
Crown  Svo.  6s.  Help  Notes  to  the  same,  for  the  use  of 
Students,  is.  6d. 

Attic  Orators. — FROM  ANTIPHON  TO  ISAEOS.  By 
R.  C.  JEBB,  M.A.,  LL.D.,  Professor  of  Greek  in  the  University 
of  Glasgow.  2  vols.  Svo.  2$s. 

SELECTIONS  FROM  ANTIPHON,  ANDOKIDES,  LYSIAS, 
ISOKRATES,  AND  IS^EOS.  Edited,  with  Notes,  by  Pro- 
fessor JEBB.  Being  a  companion  volume  to  the  preceding  work. 
Svo.  I2j.  6d. 

BabriUS. — Edited,  with  Introductory  Dissertations,  Critical  Notes, 
Commentary  and  Lexicon.  By  Rev.  W.  GUNION  RUTHERFORD, 
M.A.,  LL.D., Head-Master  of  Westminster  School.  Svo.  12s.  6d. 

Cicero. — THE  ACADEMICA.  The  Text  revised  and  explained 
by  J.  S.  REID,  M.L.,  Fellow  of  Caius  College,  Cambridge. 
Svo.  15*. 

THE  ACADEMICS.    Translated  by  J.  S.  REID,  M.L.    Svo.  5*.  6d. 

SELECT  LETTERS.     After  the   Edition  of  ALBERT  WATSON, 

M.A.     Translated  by  G.  E.  JEANS,   M.A.,  Fellow  of  Hertford 

College,    Oxford,    and    Assistant-Master  at  Haileybury.      Svo. 
I  or.  6d. 

(See  also  Classical  Series.) 


CLASSICAL  LIBRARY. 


Euripides.  —  MEDEA.  Edited,  with  Introduction  and  Notes,  by 
A.  W.  VERRALL,  M.A.,  Fellow  and  Lecturer  of  Trinity  College 
Cambridge.  8vo.  7-r.  6d. 

INTRODUCTION  TO  THE  STUDY  OF  EURIPIDES.  By 
Professor  J.  P.  MAHAFFY.  Fcap.  8vo.  is.  6d.  (Classical  Writers 
Strut.) 

(See  also  Classical  Series.) 

Herodotos.—  BOOKS  i.—  in.    THE  ANCIENT  EMPIRES 

OF  THE  EAST.  Edited,  with  Notes,  Introductions,  and  Ap- 
pendices, by  A.  H.  SAYCE,  Deputy-  Professor  of  Comparative 
Philology,  Oxford;  Honorary  LL.D.,  Dublin.  Demy  8vo.  i6s. 

BOOKS  IV.—  IX.  Edited  by  REGINALD  W.  MACAN,  M.A., 
Lecturer  in  Ancient  History  at  Brasenose  College,  Oxford.  8vo. 

[In  preparation. 

Homer.  —  THE  ILIAD.  Edited,  with  Introduction  and  Notes, 
by  WALTER  LEAF,  M.A.,  Fellow  of  Trinity  College,  Cambridge, 
and  the  late  J.  H.  PRATT,  M.  A.  8vo.  [Books  I.—  XII.  in  the  press. 

THE  ILIAD.  Translated  into  English  Prose.  By  ANDREW 
LANG,  M.A.,  WALTER  LEAF,  M.A.,  and  ERNEST  MYERS,  M.A. 
Crown  8vo.  12s.  6d. 

THE  ODYSSEY.  Done  into  English  by  S.  H.  BUTCHER,  M.A., 
Professor  of  Greek  in  the  University  of  Edinburgh,  and  ANDREW 
LANG,  M.A.,  late  Fellow  of  Merton  College,  Oxford.  Fifth 
Edition,  revised  and  corrected.  Crown  8vo.  los.  f>d. 

INTRODUCTION  TO  THE  STUDY  OF  HOMER.  By  the 
Right  Hon.  W.  E.  GLADSTONE,  M.P.  i8mo.  is.  (Literature. 
Primers.) 

HOMERIC  DICTIONARY.  For  Use  in  Schools  and  Colleges. 
Translated  from  the  German  of  Dr.  G.  AUTENRIETH,  with  Addi- 
tions and  Corrections,  by  R.  P.  KEEP,  Ph.D.  With  numerous 
Illustrations.  Crown  8vo.  6s. 

(See  also  Classical  Series.) 

Horace.  —  THE  WORKS  OF  HORACE  RENDERED  INTO 

ENGLISH  PROSE.  With  Introductions,  Running  Analysis, 
Notes,  &c.  By  J.  LONSDALE,  M.A.,  and  S.  LEE,  M.A.  (Globe 
Edition.)  &.  6d. 

STUDIES,  LITERARY  AND  HISTORICAL,  IN  THE  ODES 
OF  HORACE.  By  A.  W.  VERRALL.  Fellow  of  Trinity  College, 
Cambridge.  Demy  8vo.  8.r.  6d. 

(See  also  Classical  Series.) 
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Juvenal.— THIRTEEN  SATIRES  OF  JUVENAL,    with  a 

Commentary.  ByJoHNxE.  B.  MAYOR,  M.A.,  Professor  of  Latin 
in  the  University  "of  Cambridge.  Second  Edition,  enlarged. 
Crown  8vo.  Vol.  I.  1*.  6d.  Vol.  II.  IOT.  6</. 
THIRTEEN  SATIRES.  Translated  into  English  after  the  Text 
of  J.  E.  B.  MAYOR  by  HERBERT  STRONG,  M.A.,  Professor  of 
Latin,  and  ALEXANDER  LEEPER,  M^A.,  Warden  of  Trinity 
College,  in  the  University  of  Melbourne.  Crown  8vo.  35.  6J. 

(See  also  Classical  Sengs.} 

Livy.  BOOKS  XXL— XXV.  Translated  by  ALFRED  JOHN 
CHURCH,  M.A.,  of  Lincoln  College,  Oxford,  Professor  of  Latin, 
University  College,  London,  and  WILLIAM  JACKSON  BRODRTBB, 
M.A.,  late  Fellow  of  St.  John's  College,  Cambridge.  Cr.  8vo. 
7-r.  6d. 

INTRODUCTION  TO  THE  STUDY  OF  LIVY.  By  Rev. 
W.  W.  CAPES,  Reader  in  Ancient  History  at  Oxford.  Fcap.  8vo. 
is.  6d.  (Classical  Writers  Series.) 

(See  also  Classical  Series.) 

Martial. — BOOKS  I.  AND  II.  OF  THE  EPIGRAMS.  Edited, 
with  Introduction  and  Notes,  by  Professor  J.  E.  B.  MAYOR,  M.A. 
8vo.  [In  the  press. 

(See  also  Classical  Series.) 

Pausanias. — DESCRIPTION  OF  GREECE.    Translated  by 

J.  G.  FRAZER,  M.A.,  Fellow  of  Trinity  College,  Cambridge. 

[In  preparation. 

Phrynichus. — THE  NEW  PHRYNICHUS  ;  being  a  Revised 
Text  of  the  Ecloga  of  the  Grammarian  Phrynichus.  With  Intro- 
duction and  Commentary  by  Rev.  W.  GUNION  RUTHERFORD, 
M.A.,  LL.D.,  Head  Master  of  Westminster  School.  8vo.  iSs. 

Pindar. — THE  EXTANT  ODES  OF  PINDAR.    Translated 

into  English,  with  an  Introduction  and  short  Notes,  by  ERNEST 
MYERS,  M.A.,  late  Fellow  of  Wadham  College,  Oxford.  Second 
Edition.  Crown  8vo.  $s. 

THE  OLYMPIAN  AND  PYTHIAN  ODES.  Edited,  with  an 
Introductory  Essay,  Notes,  and  Indexes,  by  BASIL  GILDERSLEEVE, 
Professor  of  Greek  in  the  Johns  Hopkins  University,  Baltimore 
Crown  8vo.  7-r.  6d. 

PlatO. — PH^EDO.  Edited,  with  Introduction,  Notes,  and  Appen- 
dices, by  R.  D.  ARCHER-HIND,  M.A.,  Fellow  of  Trinity  College. 
Cambridge.  8vo.  8s.  6d. 

PH^EDO.  Edited,  with  Introduction  and  Note?,  by  W.  D.  GEDDES, 
LL.D.,  Profe>sor  of  Greek  in  the  University  of  Aberdeen.  Second 
Edition.  Demy  8vo.  Ss.  6d. 

PHILEBUS.  Edited,  with  Introduction  and  Notes,  by  HENRY 
JACKSON,  M.A.,  Fellow  of  Trinity  College,  Cn-iVi  l^e.  8vo. 

{In  preparation. 


CLASSICAL  PUBLICATIONS. 


Plato. — THE  REPUBLIC.— Edited,  with  Introduction  and  Notes, 
by  H.  C.  GOODHART,  M.A.,  Fellow  of  Trinity  College,  Cam- 
bridge. 8vo  [/« preparation. 
THE  REPUBLIC  OF  PLATO.  Translated  into  English,  with  an 
Analysis  and  Notes,  by  J.  LL.  DAVIES,  M.A.,  and  D.  |.  VAUGHAN, 
M.A.  i8mo.  4s.  6d. 

EUTHYPHRO,  APOLOGY,  CRITO,  AND  PH^DO.  Trans- 
lated by  F.  J.  CHURCH.  Crown  8vo.  4*.  6d. 

(See  also  Classical  Series.) 

PlautUS. — THE  MOSTELLARIA  OF  PLAUTUS.  With  Notes, 
Prolegomena,  and  Excursus.  By  WILLIAM  RAMSAY,  M.A., 
formerly  Professor  of  Humanity  in  the  University  of  Glasgow. 
Edited  by  Professor  GEORGE  G.  RAMSAY,  M.A.,  of  the  University 
of  Glasgow.  8vo.  14^. 

(See  also  Classical  Series.) 

PolybiuS. — THE  HISTORIES.     Translated,  with  Introduction 

and  Notes,  by  E.  S.  SHUCKBURGH,  M.A.  8vo.     [In preparation. 

SalluSt. — CATILINE     AND     JUGURTHA.      Translated,    with 

Introductory  Essays,  by  A.  W.  POLLARD,  B.A.     Crown  JJvo.     dr. 

(See  also  Classical  Series.) 

Studia  Scenica. — Part  I.,  Section  I.  Introductory  Study  on 
the  Text  of  the  Greek  Dramas.  The  Text  of  SOPHOCLES' 
TRACHINIAE,  1-300.  By  DAVID  S.  MARGOLIOUTH,  Fellow 
of  New  College,  Oxford.  Demy  8vo.  2s.  60". 

TacitUS. — THE  ANNALS.  Edited,  with  Introductions  and 
Notes,  by  G.  O.  HOLBROOKE,  M.A.,  Professor  of  Latin  in  Trinity 
College,  Hartford,  U.S.A.  With  Maps.  8vo.  i6s. 
THE  ANNALS.  Translated  by  A.  J.  CHURCH,  M.A.,  and  W.  J. 
BRODRIBB,  M.A.  With  Notes  and  Maps.  New  Edition.  Cr.  8vo. 
75.  6d. 

THE    HISTORIES.     Edited,  with   Introduction  and   Notes,   by 

Rev.   W.  A.   SPOONER,    M.A.,    Fellow  of   New   College,   and 

H.  M.  SPOONER,  M.A.,  formerly  Fellow  of  Magdalen  College, 

Oxford.     8vo.  [In  preparation. 

THE    HISTORY.     Translated  by  A.  J.  CHURCH,  M.A.,  and  W. 

T.  BRODRIBB,  M.A.     With  Notes  and  a  Map.     Crown  8vo.     6s. 

THE  AGRICOLA  AND  GERMANY,  WITH  THE  DIALOGUE 

ON  ORATORY.      Translated   by  A.  J.  CHURCH,  M.A.,  and 

•    W.  J.   BRODRIBB,    M.A.      With  Notes  and   Maps.      New  and 

Revised  Edition.     Crown  8vo.     4^.  6d. 

INTRODUCTION  TO  THE  STUDY  OF  TACITUS.  By 
A.  J.  CHURCH,  M.A.  and  W.  J.  BRODRIBB,  M.A.  Fcap.  8vo. 
i8mo.  is.  6d.  (Classical  Writers  Series.) 

Theocritus,  Bion,  and  Moschus.  Rendered  into  English 
Prose  with  Introductory  Essay  by  A.  LANG,  M.A.  Crown  8vo.  6s. 
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TheophrastUS.— THE  CHARACTERS.  Edited  with  Transla- 
tion and  Notes  by  R.  C.  JEBB,  M.A.,  LL.D.,  Professor  of  Greek 
in  the  University  of  Glasgow.  New  Edition.  8vo.  [In  the  press. 

Virgil.  — THE  WORKS  OF  VIRGIL  RENDERED  INTO 
ENGLISH  FROSE,  with  Notes,  Introductions,  Running  Analysis, 
and  an  Index,  by  JAMES  LONSDALE,  M.A.,  and  SAMUEL  LEE, 
M.A.  New  Edition.  Globe  8vo.  $s.  6d. 

THE  iENEID.     Translated  by  J.  W.  MACKAIL,  M.A.,  Fellow  of 
Balliol  College,  Oxford.     Crown  8vo.     7*.  6d. 


GRAMMAR,  COMPOSITION,  &  PHILOLOGY. 

Belcher. — SHORT  EXERCISES  IN  LATIN  PROSE  COM- 
POSITION AND  EXAMINATION  PAPERS  IN  LATIN 
GRAMMAR,  to  which  is  prefixed  a  Chapter  on  Analysis  of 
Sentences.  By  the  Rev.  H.  BELCHER,  M.  A.,  Assistant-Master  in 
King's  College  School,  London.  New  Edition.  i8mo.  is.  6d. 

KEY  TO  THE  ABOVE  (for  Teachers  only),     y.  6d. 

SHORT  EXERCISES  IN  LATIN  PROSE  COMPOSITION, 
Part  II.,  On  the  Syntax  of  Sentences,  with  an  Appendix,  includ- 
ing EXERCISES  IN  LATIN  IDIOMS,  &c.  i8mo.  2s. 

KE\  TO  THE  ABOVE  (for  Teachers  only).     35. 

Blackie. — GREEK  AND  ENGLISH  DIALOGUES  FOR  USE 

IN  SCHOOLS  AND  COLLEGES.  By  JOHN  STUART  BLACKIE, 
Emeritus  Professor  of  Greek  in  the  University  of  Edinburgh. 
New  Edition.  Fcap.  8vo.  2s.  6d. 

Bryans. — LATIN    PROSE    EXERCISES    BASED    UPON 

CAESAR'S  GALLIC  WAR.  With  a  Classification  of  Csesar's 
Chief  Phrases  and  Grammatical  Notes  in  Caesar's  Usages.  By 
CLEMENT  BRYANS,  M.A.,  Assistant-Master  in  Dulwich  College, 
late  Scholar  in  King's  College,  Cambridge,  and  Bell  University 
Scholar.  Extra  fcap.  Svo.  2s.  6d. 

GREEK  PROSE  EXERCISES  based  upon  Thucydides.  By  the 
same  Author.  Extra  fcap.  Svo.  [In  preparation. 

Colson. — A  FIRST  GREEK  READER.  By  F.  H.  COLSON, 
M.A.,  Fellow  of  St.  John's  College,  Cambridge,  and  Senior 
Classical  Master  at  Bradford  Grammar  School.  Globe  Svo. 

[/«  preparation. 

Eicke. — FIRST  LESSONS  IN  LATIN.  By  K.  M.  EICKE,  B.A., 
Assistant-Master  in  Oundle  School.  Globe  Svo.  2s. 

Ellis.— PRACTICAL  HINTS  ON  THE  QUANTITATIVE 
PRONUNCIATION  OF  LATIN,  for  the  use  of  Classical 
Teachers  and  Linguists.  By  A.  J.  ELLIS,  B.A.,  F.R.S.  Extra 
fcap.  Svo.  45.  6d. 
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England— EXERCISES  ON  LATIN  SYNTAX  AND  IDIOM, 

ARRANGED  WITH  REFERENCE  TO  ROBY'S  SCHOOL 
LATIN  GRAMMAR.  By  E.  B.  ENGLAND,  M.A.,  Assistant 
Lecturer  at  the  Owens  College,  Manchester.  Crown  8vo.  2s.  f>d. 
Key  for  Teachers  only,  2s.  6d. 

Goodwin. — Works   by  W.   W.  GOODWIN,  LL.D.,  Professor  of 

Greek  in  Harvard  University,  U.S.A. 
SYNTAX  OF  THE  MOODS  AND  TENSES  OF  THE  GREEK 

VERB.     New  Edition,  revised.     Crown  8vo.     6s  6d 
A  GREEK  GRAMMAR.     New  Edition,  revised.     Crown  8vo.    6s. 
"It   is  the  best    Greek    Grammar  of  its    size    in    the    English    language."— 
ATHEN^SUM. 

A  GREEK  GRAMMAR  FOR  SCHOOLS.     Crown  8vo.    3*.  6d. 

Greenwood.— THE  ELEMENTS  OF  GREEK  GRAMMAR, 

including  Accidence,  Irregular  Verbs,  and  Principles  of  Deriva- 
tion and  Composition ;  adapted  to  the  System  of  Crude  Forms. 
By  J.  G.  GREENWOOD,  Principal  of  Owens  College,  Manchester. 
New  Edition.  Crown  8vo.  $s.  6d. 

Hadley    and    Allen.— A     GREEK    GRAMMAR     FOR 

SCHOOLS  AND  COLLEGES.  By  JAMES  HADLEY,  late 
Professor  in  Yale  College.  Revised  and  in  part  Rewritten  by 
FREDERIC  DE  FOREST  ALLEN,  Professor  in  Harvard  College. 
Crown  8vo.  6s. 

Hodgson.— MYTHOLOGY  FOR  LATIN  VERSIFICATION. 
A  brief  Sketch  of  the  Fables  of  the  Ancients,  prepared  to  be 
rendered  into  Latin  Verse  for  Schools.  By  F.  HODGSON,  B.D., 
late  Provost  of  Eton.  New  Edition,  revised  by  F.  C.  HODGSON, 
M.A.  i8mo.  3-r. 

Jackson. — FIRST  STEPS  TO  GREEK  PROSE  COMPOSI- 
TION. By  BLOMFIELD  JACKSON,  M.A.,  Assistant-Master  in 
King's  College  School,  London.  New  Edition,  revised  and 
enlarged.  i8mo.  is.  6d. 

KEY  TO  FIRST  STEPS  (for  Teachers  only).     i8mo.     y.  6d. 

SECOND  STEPS  TO  GREEK  PROSE  COMPOSITION,  with 
Miscellaneous  Idioms,  Aids  to  Accentuation,  and  Examination 
Papers  in  Greek  Scholarship.  iSmo.  2s.  6d. 

KEY  TO  SECOND  STEPS  (for  Teachers  only).     i8mo.     3^.  6d. 

Kynaston. — EXERCISES  IN  THE  COMPOSITION  OF 
GREEK  IAMBIC  VERSE  by  Translations  from  English  Dra- 
matists. By  Rev.  H.  KYNASTON,  D.D.,  Principal  of  Cheltenham 
College.  With  Introduction,  Vocabulary,  &c.  New  Edition, 
revised  and  enlarged.  Extra  fcap.  8vo.  5*-. 

KEY  TO  THE  SAME  (for  Teachers  only;.    Extra  fcap.  8vo.  4*.  6a. 

C 


18          MACMILLAN'S  EDUCATIONAL  CATALOGUE. 


JLupton.— AN  INTRODUCTION  TO  LATIN  ELEGIAC 
VERSE  COMPOSITION.  By  J.  H.  I.UPTON,  M.A.,  Sur-Mast.* 
of  St.  Paul's  School,  and  formerly  Fellow  of  St.  John's  College, 
Cambridge.  2s.  6d. 

Mackie. — PASSAGES  FOR  TRANSLATION  FROM  GREEK 
INTO  ENGLISH  AND  ENGLISH  INTO  GREEK.  Selected 
and  Annotated  by  Rev.  ELLIS  MACKIE,  M.A.,  Assistant-Master 
in  Heversham  Grammar  School.  [In  the  press. 

Macmillan. — FIRST  LATIN  GRAMMAR.    By  M.  c.  MAC- 

MILLAN,   M. A.,    late   Scholar  of    Christ's  College,   Cambridge; 
sometime  Assistant-Master  in   St.   Paul's   School.     New  Edition, 
enlarged.     i8mo.     is.  6d.     A  SHORT  SYNTAX  is  in  preparation 
to  follow  the  ACCIDENCE. 
Macmillan's  Latin  Course.     FIRST  YEAR.    By  A.  M. 

COOK,  M.A.,  Assistant-Master  at  St.  Paul's  School.  Globe  Svo. 
2s.  6ti. 

Marshall. — A  TABLE  OF  IRREGULAR  GREEK  VERBS, 
classified  according  to  the  arrangement  of  Curtius's  Greek  Grammar. 
By  J.  M.  MARSHALL,  M.A.,  Head  Master  of  the  Grammar 
School,  Durham.  New  Edition.  8vo.  is. 

Mayor  (John  E.  B.) — FIRST  GREEK  READER.    Edited 

after  KARL  HALM,  with  Corrections  and  large  Additions  by  Pro- 
fessor JOHN  E.  B.  MAYOR,  M.A.,  Fellow  of  St.  John's  College, 
Cambridge.  New  Edition,  revised.  Fcap.  8vo.  45.  6d. 

Mayor  (Joseph  B.)— GREKK  FOR  BEGINNERS.  By  the 
Rev.  J.  B.  MAYOR,  M.A.,  Pr  fessor  of  Classical  Literature  in 
King's 'College,  London.  Part  I.,  with  Vocabulary,  is.  6d. 
Parts  II.  and  III.,  with  Vocabulary  and  Index,  $s.  6d.  Complete 
in  one  Vol.  fcap.  Svo.  4.r.  6d. 

Nixon. — PARALLEL  EXTRACTS  arranged  for  translation  into 
English  and  Latin,  with  Notes  on  Idioms.  By  J.  E  NIXON, 
M.A.,  Fellow  and  Classical  Lecturer,  King's  College,  Cambridge. 
Part  I.— Historical  and  Epistolary.  New  Edition,  revised  and 
enlarged.  Crown  Svo.  3*.  6d. 

Peile.— A  PRIMER  OF  PHILOLOGY.  By  J.  PEILE,  M.A., 
Fellow  and  Tutor  of  Christ's  College,  Cambridge.  i8mo.  is. 

Postgate    and    Vince.— A    DICTIONARY  OF  LATIN 

ETYMOLOGY.  By  J.  P.  POSTGATE,  M.A.,  and  C.  A.  VINCE, 
jyf  A  [In  preparation. 

PottS  (A.  W.) — Works  by  ALEXANDER  W.  POTTS,  M.A., 
L1..D.,  late  Fellow  of  St.  John's  College,  Cambridge ;  Head 
Master  of  the  Fettes  College," Edinburgh. 

HINTS  TOWARDS  LATIN  PROSE  COMPOSITION.     New 
Edition.     Extra  fcap.  Svo.     3*. 
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Potts   (A.   W.)— Works    by   ALEXANDER    W.    POTTS,    M.A., 

LL.D.  (continued). 
PASSAGES   FOR   TRANSLATION    INTO   LATIN  PROSE. 

Edited  with  Notes  and  References  to  the  above.     New  Edition. 

Extra  fcap.  Svo.     zs.  6d. 
LATIN  VERSIONS    OF   PASSAGES  FOR  TRANSLATION 

INTO  LATIN  PROSE  (for  Teachers  only)      zs.  6d. 

Reid. — A  GRAMMAR  OF  TACITUS.  By  J.  S.  REID,  M.L., 
Fellow  of  Caius  College,  Cambridge.  [/»  preparation, 

A    GRAMMAR    OF    VERGIL.     By  the  same  Author. 

[In  preparation. 
%*  Similar  Grammars  to  other  Classical  Authors  will  probably  follow, 

Roby. — A  GRAMMAR   OF  THE  LATIN  LANGUAGE,  from 

Plautus  to  Suetonius.     By  H.  J.  ROBY,  M.A.,  late  Fellow  of  St. 

John's  College,    Cambridge.      In   Two    Parts.      Third    Edition. 

Part   I.   containing: — Book    I.     Sounds.       Book    II.     Inflexions. 

Book   III.    Word-formation.     Appendices.     Crown  Svo.  8s.  6d. 

Part  II.  Syntax,  Prepositions,  &c.     Crown  Svo.     los.  6J. 
"  Marked  by  the  clear  and  practised  insight  of  a  master  in  his  art.     A  book  that 
would  do  honour  to  any  country." — ATHENA;UM. 

SCHOOL  LATIN  GRAMMAR.  By  the  same  Author.  Crown 
Svo.  SJ. 

Rush. — SYNTHETIC  LATIN  DELECTUS.  A  First  Latin 
Construing  Book  arranged  on  the  Principles  of  Grammatical 
Analysis.  With  Notes  and  Vocabulary.  By  E.  RUSH,  B.A. 
With  Preface  by  the  Rev.  W.  F.  MOULTON,  M.A.,  D.D.  New 
and  Enlarged  Edition.  Extra  fcap.  Svo.  zs.  6d. 

Rust. — FIRST  STEPS  TO  LATIN  PROSE  COMPOSITION. 
By  the  Rev.  G.  RUST,  M.A.,  of  Pembroke  College,  Oxford, 
Master  of  the  Lower  School,  King's  College,  London.  New 
Edition.  iSmo.  is.  dd. 

KEY  TO  THE  ABOVE.  By  W.  M.  YATES,  Assistant-Master  in 
the  High  School,  Sale.  iSmo.  3*.  6d. 

Rutherford. — Works  by  the  Rev.  W.  GUNION  RUTHERFORD, 

M.A.,  LL.D.,  Head-Master  of  Westminster  School. 
A  FIRST  GREEK  GRAMMAR.     New  Edition,  enlarged.    Extra 
.  fcap.  Svo.      is.  6d. 

THE  NEW  PHRYNICHUS  ;  being  a  Revised  Text  of  the 
Ecloga  of  the  Grammarian  Phrynichus.  With  Introduction  and 
Commentary.  Svo.  iSs. 

Simpson. — LATIN  PROSE  AFTER  THE  BEST  AUTHORS. 

By  F.  P.  SIMPSON,  B.A.,  late  Scholar  of  Balliol  College,  Oxford. 
Part  I.     CAESARIAN  PROSE.     Extra  fcap.  Svo.     zs.  6d. 
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Thring. — Works  by  the  Rev.  E.  THRING,  M.A.,  Head-Master  of 

Uppingham  School. 
A    LATIN    GRADUAL.      A   First   Latin   Construing  Book  for 

Beginners.      New   Edition,    enlarged,    with    Coloured    Sentence 

Maps.     Fcap.  Svo.     2s.  6d. 
A  MANUAL  OF  MOOD  CONSTRUCTIONS.  Fcap.  Svo.   is.  6<t. 

White. — FIRST  LESSONS  IN  GREEK.  Adapted  to  GOOD- 
WIN'S GREEK  GRAMMAR,  and  designed  as  an  introduction 
to  the  ANABASIS  OF  XENOPHON.  By  JOHN  WILLIAMS 
WHITE,  Ph.D.,  Assistant-Professor  of  Greek  in  Harvard  Univer- 
sity. Crown  Svo.  45-.  (xi. 

Wright. — Works  by  J.  WRIGHT,  M.A.,  late  Head  Master  of 
Sutton  Coldfield  School. 

A  HELP  TO  LATIN  GRAMMAR  ;  or,  The  Form  and  Use  of 
Words  in  Latin,  with  Progressive  Exercises.  Crown  Svo.  4$.  dd. 

THE  SEVEN  KINGS  OF  ROME.  An  Easy  Narrative,  abridged 
from  the  First  Book  of  Livy  by  the  omission  of  Difficult  Passages  ; 
being  a  First  Latin  Reading  Book,  with  Grammatical  Notes  and 
Vocabulary.  New  and  revised  Edition.  Fcap.  Svo.  y.  6d. 

FIRST  LATIN  STEPS  ;  OR,  AN  INTRODUCTION  BY  A 
SERIES  OF  EXAMPLES  TO  THE  STUDY  OF  THE 
LATIN  LANGUAGE.  Crown  Svo.  3*. 

ATTIC  PRIMER.  Arranged  for  the  Use  of  Beginners.  Extra 
fcap.  Svo.  zs.  6d. 

A  COMPLETE  LATIN  COURSE,  comprising  Rules  with 
Examples,  Exercises,  both  Latin  and  English,  on  each  Rule,  and 
Vocabularies.  Crown  Svo.  2s.  6d. 

Wright  (H.  C.)— EXERCISES  ON  THE  LATIN  SYNTAX. 
By  Rev.  H.  C.  WRIGHT,  B.A.,  Assistant-Master  at  Haileybury 
College.  iSmo.  [In  preparation. 

ANTIQUITIES,   ANCIENT   HISTORY,  AND 
PHILOSOPHY. 

Arnold. — Works  by  W.  T.  ARNOLD,  M.A. 

A  HANDBOOK  OF  LATIN  EPIGRAPHY.       [In  preparation. 
THE  ROMAN  SYSTEM  OF   PROVINCIAL  ADMINISTRA- 
TION  TO  THE  ACCESSION   OF  CONSTANTINE   THE 
GREAT.     Crown  Svo.     6s. 

Arnold  (T.) — THE  HISTORY  OF  THE  SECOND  PUNIC 
WAR.  By  THOMAS  ARNOLD,  D.D.  Edited,  with  Notes,  by 
W.  T.  AKNOLD,  M.A.  With  Maps.  Crown  Svo.  [In  the  press. 

Beesly. — STORIES  FROM  THE  HISTORY  OF  ROME. 

By  Mrs.  BEESLY.     Fcap.  Svo.     2s.  6d. 


CLASSICAL  PUBLICATIONS. 


Classical  Writers.— Edited  by  JOHN  RICHARD  GREEN,  M.A., 

LL.D.     Fcap.  8vo.     is.  dd.  each. 
EURIPIDES.     By  Professor  MAHAFFY. 
MILTON.     By  the  Rev.  STOPFORD  A.  BROOKE,  M.A. 
LIVY.     By  the  Rev.  W.  W.  CAPES,  M.A. 
VIRGIL.     By  Professor  NETTLESHIF,  M.A. 
SOPHOCLES.     By  Professor  L.  CAMPBELL,  M.A. 
DEMOSTHENES.     By  Professor  S.  H.  BUTCHER,  M.A. 
TACITUS.      By   Professor   A.    J.    CHURCH,    M.A.,    and    W.    f. 
BRODRIBB,  M.A. 

Freeman. — HISTORY  OF  ROME.  By  EDWARD  A.  FREE- 
MAN, D.C.L.,  LL.D.,  Hon.  Fellow  of  Trinity  College,  Oxford, 
Regius  Professor  of  Modern  History  in  the  University  of  Oxford. 
(Historical  Course  for  Schools.)  181110.  [In preparation. 

A  SCHOOL  HISTORY  OF  ROME.  By  the  same  Author. 
Crown  8vo.  [In  preparation. 

HISTORICAL  ESSAYS.  Second  Series.  [Greek  and  Roman 
History.]  By  the  same  Author.  8vo.  los.  6d. 

Geddes.  —  THE  PROBLEM  OF  THE  HOMERIC  POEMS. 

By   W.   D.   GEDDES,   Professor  of  Greek  in  the   University  of 
Aberdeen.     8vo.    14*. 

Gladstone. — Works  by  the  Rt.  Hon.  W.  E.  GLADSTONE,  M.P. 
THE  TIME  AND  PLACE  OF  HOMER.     Crown  8vo.     6*.  6d. 
A  PRIMER  OF  HOMER.     i8mo.     is. 

Jackson.— A  MANUAL  OF  GREEK  PHILOSOPHY.  By 
HENRY  JACKSON,  M.A.,  Fellow  and  Prelector  in  Ancient 
Philosophy,  Trinity  College,  Cambridge.  [In  preparation. 

Jebb. — Works  by  R.  C.   JEBB,   M.A.,  Professor  of  Greek  in  the 

University  of  Glasgow. 
THE  ATTIC  ORATORS   FROM  ANTIPHON  TO  ISAEOS. 

2  vols.     8vo.     25J-. 
SELECTIONS  FROM  THE  ATTIC  ORATORS,  ANTIPHON, 

ANDOKIDES,     LYSIAS,      ISOKRATES,     AND    IS/EOS. 

Edited,  with  Notes.     Being  a  companion  volume  to  the  preceding 

work.     8vo.     12s.  6d. 
A  PRIMER  OF  GREEK  LITERATURE.     i8mo.     is. 

Kiepert.— MANUAL  OF  ANCIENT  GEOGRAPHY,  Trans- 
lated  from  the  German  of  Dr.  HEINKICH  KIEPERT.  Crown  8vo.  $s. 
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Mahaffy. — Works  by  J.  P.  MAHAFFY,  M.A.,  Professor  of  Ancient 

History  in  Trinity  College,  Dublin,  and  Hon.  Fellow  of  Queen's 

College,  Oxford. 
SOCIAL    LIFE    IN    GREECE;    from    Homer    to    Menander. 

Fifth  Edition,  revised  and  enlarged.     Crown  8vo.     gs. 
RAMBLES  AND  STUDIES  IN  GREECE.     With  Illustrations. 

Second  Edition.     With  Map.     Cro^n  Svo.     los.  6d. 
A  PRIMER  OF  GREEK  ANTIQUITIES.     With  Illustrations. 

i8mo.     is. 
EURIPIDES.     i8mo.     is.  6J.     (Classical  Writers  Series.) 

Mayor  (J.  E.  B.)— BIBLIOGRAPHICAL  CLUE  TO  LATIN 

LITERATURE.  Edited  after  HUBNER,  with  large  Additions 
by  Professor  JOHN  E.  B.  MAYOR.  Crown  Svo.  los.  6d. 

Newton.— ESSAYS  IN  ART  AND  ARCHEOLOGY.    By 

C.  T.  NEWTON,  C.B.,  D.C.L.,  Professor  of  Archaeology  in 
University  College,  London,  and  Keeper  of  Greek  and  Roman 
Antiquities  at  the  British  Museum.  Svo.  I2s.  6J. 

Ramsay. — A  SCHOOL  HISTORY  OF  ROME.  By  G.  G. 
RAMSAY,  M.A.,  Professor  of  Humanity  in  the  University  of 
Glasgow.  With  Maps.  Crown  Svo.  [In  preparation. 

Sayce. — THE  ANCIENT  EMPIRES  OF  THK  EAST.     By 

A.  H.  SAYCE,  Deputy- Professor  of  Comparative  Philosophy, 
Oxford,  Hon.  LL.D.  Dublin.  Crown  Svo.  6s. 

Schwegler. — A  TEXT-BOOK  OF  GREEK  PHILOSOPHY. 

Translated  from  the  German  by  HENRY  NORMAN.     Svo. 

[In  preparation. 

Wilkins. — A  PRIMER  OF  ROMAN  ANTIQUITIES.  By 
Professor  WlLKlNS,  M.A.,  LL.D.  Illustrated.  iSmo.  is. 


MATHEMATICS. 

(i)  Arithmetic,  (2)  Algebra,  (3)  Euclid  and  Ele- 
mentary Geometry,  (4)  Mensuration,  (5)  Higher 
Mathematics. 

ARITHMETIC. 

Aldis. — THE  GREAT  GIANT  ARITHMOS.  Amosr  Elementary 
Arithmetic  for  Children.  By  MARY  STEADMAN  ALOIS.  With 
Illustrations.  Globe  Svo.  2s.  (>d. 

Brook-Smith  (J.). — ARITHMETIC  IN  THEORY  AND 
PRACTICE.  By  J.  BROOK-SMITH,  M.A.,  LL.B.,  St.  John's 
College,  Cambridge;  Barrister-at-Law  ;  one  of  the  Matters  of 
Cheltenham  College.  New  Edition,  revised.  Crown  Svo.  4^.  6d. 
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Candler.— HELP  TO  ARITHMETIC.    Designed  for  the  use  of 

Schools.     By    H.    CANDLER,    M.A.,    Mathematical    Master    of 
Uppmgharn  School.     Second  Edition.     Extra  fcap.  8vo.     2s.  6d. 

Dalton. — RULES  AND  EXAMPLES  IN  ARITHMETIC    BY 

the  Rev.  T.  DALTON,   M.A.,  Assistant-Master  of  Eton  Co'llege 
New  Edition.     iSrno.     2s.  6d. 

[Answers  to  the  Examples  are  appended. 

Lock. — ARITHMETIC  FOR  SCHOOLS.  By  Rev.  J.  B.  LOCK, 
M.A.,  Fellow  and  Lecturer  of  Caius  College,  Cambridge,  late 
Assistant-Master  at  Eton.  Globe  8vo.  [/«  the  press. 

Pedley. — EXERCISES  IN  ARITHMETIC  for  the  Use  of 

Schools.      Containing  more  than  7,000  original  Examples.      By 
S.  PEDLEY,  late  of  Tamworth  Grammar  School.    Crown  Svo.    55. 
Also  in  two  parts  2s.  6d.  each. 

Smith. — Works  by  the  Rev.  BARNARD  SMITH,  M.A.,  late  Rector 
of  Glaston,  Rutland,  and  Fellow  and  Senior  Bursar  of  S.  Peter's 
College,  Cambridge. 

ARITHMETIC  AND  ALGEBRA,  in  their  Principles  and  Appli- 
cation ;  with  numerous  systematically  arranged  Examples  taken 
from  the  Cambridge  Examination  Papers,  with  especial  reference 
to  the  Ordinary  Examination  for  the  B.A.  Degree.  New  Edition, 
carefully  Revised.  Crown  Svo.  IQJ.  6d. 

ARITHMETIC  FOR  SCHOOLS.  New  Edition.  Crown  Svo. 
4s.  6d. 

A  KEY  TO  THE  ARITHMETIC  FOR  SCHOOLS.  New 
Edition.  Crown  Svo.  Ss.  6d. 

EXERCISES  IN  ARITHMETIC.  Crown  Svo,  limp  cloth,  2s. 
With  Answers,  2s.  6d. 

Answers  separately,  6d. 

SCHOOL  CLASS-BOOK  OF  ARITHMETIC.    i8mo,    cloth.   35. 

Or  sold  separately,  in  Three  Parts,  is.  each. 

KEYS  TO  SCHOOL  CLASS-BOOK  OF  ARITHMETIC. 
Parts  I.,  II.,  and  III.,  2s.  6d.  each. 

SHILLING  BOOK  OF  ARITHMETIC  FOR  NATIONAL 
AND  ELEMENTARY  SCHOOLS.  iSmo,  cloth.  Or  sepa- 
rately, Part  I.  2d.  ;  Part  II.  3</.  ;  Part  III.  ^d.  Answers,  6d. 

THE  SAME,  with  Answers  complete.     iSmo,  cloth,     is.  6d. 

KEY  TO  SHILLING  BOOK  OF  ARITHMETIC.    iSmo.  45.  6</. 

EXAMINATION  PAPERS  IN  ARITHMETIC.  iSnio.  is.  6d. 
The  same,  with  Answers,  iSmo,  2s.  Answers,  6d. 

KEY    TO     EXAMINATION    PAPERS    IN    ARITHMETIC. 
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Smith. — Works  by  the  Rev.  BARNARD  SMITH,  M.A.  (continued)— 
THE    METRIC    SYSTEM    OF    ARITHMETIC,    ITS    PRIN- 
CIPLES  AND    APPLICATIONS,   with  numerous   Examples, 
written  expressly   for   Standard   V.   in   National  Schools.     New 
Edition.      i8mo,  cloth,  sewed.     3</. 

A  CHART  OF  THE  METRIC  SYSTEM,  on  a  Sheet,  size  42  in. 
by  34  in.  on  Roller,  mounted  and  varnished.  New  Edition. 
Price  y.  6d. 

Also  a  Small  Chart  on  a  Card,  price  id. 

EASY    LESSONS    IN   ARITHMETIC,   combining  Exercises  in 
Reading,  Writing,  Spelling,  and  Dictation.     Part  I.  for  Standard 
I.  in  National  Schools.     Crown  8vo.     get. 
EXAMINATION  CARDS  IN  ARITHMETIC.      (Dedicated  to 

Lord  Sandon.)     With  Answers  and  Hints. 
Standards  I.  and  II.  in  box,  is.     Standards  III.,  IV.,  and  V.,  in 

boxes,  is.  each.  Standard  VI.  in  Two  Parts,  in  boxes,  is.  each. 
A  and  B  papers,  of  nearly  the  same  difficulty,  are  given  so  as  to 
prevent  copying,  and  the  colours  of  the  A  and  B  papers  differ  in  each 
Standard,  and  from  those  of  every  other  Standard,  so  that  a  master 
or  mistress  can  see  at  a  glance  whether  the  children  have  the  proper 
papers. 

ALGEBRA. 

Dalton. — RULES  AND  EXAMPLES  IN  ALGEBRA.  By  the 
Rev.  T.  DALTON,  M.A.,  Assistant-Master  of  Eton  College. 
Part  I.  New  Edition.  i8mo.  2r.  Part  II.  i8mo.  zs.  6d. 

Jones  and  Cheyne. — ALGEBRAICAL  EXERCISES.  Pro- 
gressively Arranged.  By  the  Rev.  C.  A.  JONES,  M.A.,  and  C. 
H.  CHEYNE,  M.A.,  F.R.A.S.,  Mathematical  Masters  of  West- 
minster School.  New  Edition.  i8mo.  2s.  6d. 

Hall    and    Knight.— ELEMENTARY   ALGEBRA   FOR 

SCHOOLS.  By  H.  S.  HALL,  B.A.,  formerly  Scholar  of  Christ's 
College,  Cambridge,  Master  of  the  Military  and  Engineering  Side, 
Clifton  College;  and  S.  R.  KNIGHT,  B.A.,  formerly  Scholar  of 
Trinity  College,  Cambridge,  late  Assistant-Master  at  Marlborough 
College.  In  Globe  8vo,  price  3^.  6d.  ;  with  Answers,  4?.  6d. 

ALGEBRAICAL  EXERCISES  AND  EXAMINATION  PAPERS. 
To  accompany  the  above.  By  the  same  authors.  Globe  8vo. 

[In  preparation. 

HIGHER  ALGEBRA  FOR  SCHOOLS.  By  the  same  Authors. 
Globe  8vo.  [/«  preparation. 

Smith. — ARITHMETIC  AND  ALGEBRA,  in  their  Principles 
and  Application  ;  with  numerous  systematically  arranged  Examples 
taken  from  the  Cambridge  Examination  Papers,  with  especial 
reference  to  the  Ordinary  Examination  for  the  B.A.  Degree.  By 
the  Rev.  BARNARD  SMITH,  M.  A.,  late  Rector  of  Glaston,  Rutland, 
and  Fellow  and  Senior  Bursar  of  St.  Peter's  College,  Cambridge. 
New  Edition,  carefully  Revised.  Crown  8vo.  los.  6d. 
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Smith  (Charles). — A  SCHOOL  ALGEBRA.    By  CHARLES 

SMITH,    M.A.,    Fellow   and   Tutor  of"  Sidney   Sussex   College, 

Cambridge.     Crown  8vo.  \Inthepress. 

Todhunter. — Works  by  I.  TODHUNTER,  M.A.,  F.R.S.,  D.Sc., 

late  of  St.  John's  College,  Cambridge. 

"  Mr.  Todhunter  is  chiefly  known  to  Students  of  Mathematics  as  the  author  of  a 
series  ot  admirable  mathematical  text-books,  which  possess  the  rare  qualities  of  being 
clear  in  style  and  absolutely  free  from  mistakes,  typographical  or  other." — SATURDAY 

"ALGEBRA  FOR  BEGINNERS.    With  numerous  Examples. 

New  Edition.     i8mo.     2s.  6d. 

KEY  TO  ALGEBRA  FOR  BEGINNERS.    Crown  8vo.    6s.  6d. 
ALGEBRA.     For  the  Use  of  Colleges  and  Schools.     New  Edition. 

Crown  8vo.      7s.  6d, 
KEY  TO  ALGEBRA  FOR  THE  USE  OF  COLLEGES  AND 

SCHOOLS.     Crown  8vo.     105.  6d. 

EUCLID  &  ELEMENTARY  GEOMETRY. 

Constable. — GEOMETRICAL     EXERCISES     FOR     BE- 
GINNERS.    By  SAMUEL  CONSTABLE.    Crown  8vo.    3.?.  6d. 
Cuthbertson. — EUCLIDIAN    GEOMETRY.     By  FRANCIS 

CUTHBERTSON,  M.A.,  LL.D.,  Head  Mathematical  Master  of  the 
City  of  London  School.     Extra  fcap.  8vo.     4?.  6d. 
Dodgson. — Works  by  CHARLES  L.  DODGSON,  M.A.,  Student  and 

late  Mathematical  Lecturer  of  Christ  Church,  Oxford. 
EUCLID.     BOOKS  I.  AND  II.     Fourth  Edition,  with  words  sub- 
stituted for  the  Algebraical   Symbols  used  in  the  First  Edition. 
Crown  8vo.     2s. 

***  The  text  of  this  Edition  has  been  ascertained,  by  counting  the  words,  to  be 
/Vw  than  five-sevenths  of  that  contained  in  the  ordinary  editions. 

EUCLID    AND    HIS    MODERN    RIVALS.      Second   Edition. 
Crown  8vo.     6s. 

Hall  and  Stevens. — A  TEXT  BOOK  OF  EUCLID'S 
ELEMENTS  FOR  THE  USE  OF  SCHOOLS.  By  H.  S. 
HALL,  B.A.,  and  F.  H.  STEVENS,  Assistant-Masters  in  Clifton 
College.  Globe  8vo.  [/« preparation. 

Kitchener. — A  GEOMETRICAL  NOTE-BOOK,  containing 
Easy  Problems  in  Geometrical  Drawing  preparatory  to  the  Study 
of  Geometry.  For  the  Use  of  Schools.  By  F.  E.  KITCHENER, 
M.A.,  Head-Master  of  the  Grammar  School,  Newcastle,  Stafford- 
shire. New  Edition.  410.  2s. 

Mault.— NATURAL     GEOMETRY:    an    Introduction    to    the 
Logical    Study   of    Mathematics.     For    Schools    and    Technical 
Classes.     With   Explanatory   Models,    based    upon    the    Tachy- 
metrical  works  of  Ed.  Lagout.     By  A.  MAULT.     i8mo.     is. 
Models  to  Illustrate  the  above,  in  Box,  12s.  6d. 
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Smith. —  AN  ELEMENTARY  TREATISE  ON  SOLID 
GEOMETRY.  By  CHARLES  SMITH,  M.A.,  Fellow  and  Tutor 
of  Sidney  Sussex  College,  Cambridge.  Crown  8vo.  gs.  6d. 

Syllabus  of  Plane  Geometry  (corresponding  to  Euclid, 

Books  I. — VI.).     Prepared  by  the  Ass^iation  for  the  Improve- 
ment of  Geometrical  Teaching.     New  Edition.     Crown  Svo.     is. 

Todhunter. — THE  ELEMENTS  OF  EUCLID.    For  the  Use 

of  Colleges  and  Schools.  By  I.  TODHUNTER,  M.A.,  F.R.S.,  D.Sc., 
of  St.  John's  C  lle^e,  Cambridge.    New  Edition.     iSino.     3*.  6J. 
KEY  TO  EXERCISES  IN  EUCLID.     Crown  Svo.     6s.  6J. 

Wilson  (J.  M.). — ELEMENTARY  GEOMETRY.  BOOKS 
I.— V.  Containing  the  Subjects  of  Euclid's  first  Six  Books.  Fol- 
lowing the  Syllabus  of  the  Geometrical  Association.  By  the  Rev. 
J.  M.  WILSON,  M.A.,  Head  Ma-tec  of  Clifton  College.  New 
Edition.  Extra  fcap.  8vo.  4?.  6d. 


MENSURATION. 

Todhunter. — MENSURATION  FOR  BEGINNERS.    BV  i. 

TODHUNTER,  M.A.,  F.R.S.,  D.Sc.,  late  of  St.  John's  College, 
Cambridge.  With  Examples.  New  Edition.  iSrao.  2s.  6d. 

***  A  Key  to  this  -work  is  now  in  the  press. 

HIGHER  MATHEMATICS. 

Airy. — Works  by  Sir  G.  B.  AIRY,  K.C.B.,  formerly  Astronomer- 
Royal. 

ELEMENTARY  TREATISE  ON  PARTIAL  DIFFERENTIAL 
EQUATIONS.  Designed  for  the  Use  of  Students  in  the  Univer- 
sities. With  Diagram^.  Second  Edition.  Crown  Svo.  5.?.  6d. 

ON  THE  ALGEBRAICAL  AND  NUMERICAL  THEORY 
OF  ERRORS  OF  OBSERVATIONS  AND  THE  COMBI- 
NATION OF  OBSERVATIONS.  Second  Edition,  revised. 
Crown  Svo.  6s.  6d. 

Alexander  (T.).— ELEMENTARY  APPLIED  MECHANICS. 

Being  the  simpler  and  more  practical  Cases  of  Stress  and  Strain 
•wrought  out  individually  from  first  principles  hy  means  of  Elemen- 
tary Mathematics.  By  T.  ALEXANDER,  C.E.,  Professor  of  Civil 
Engineering  in  the  Imperial  College  of  Engineering,  Tokei, 
Japan.  Cru\vn  Svo.  Part  I.  4^.  6(1. 
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Alexander  and  Thomson. — ELEMENTARY  APPLIED 

MECHANICS.  By  THOMAS  ALEXANDER,  C.E.,  Profes-or  of 
Engineering  in  the  Imperial  College  of  Engineering,  Tokei,  Japan  ; 
and  ARTHUR  WATSON  THOMSON,  C.E.,  B.Sc.,  Professor  of 
Engineering  at  the  Royal  College,  Cirencester.  Part  II.  TRANS- 
VERSE STRESS.  Crown  8vo.  io.y.  6d. 

Beasley. — AN   ELEMENTARY  TREATISE  ON  PLANE 

TRIGONOMETRY.  With  Examples.  By  R.  D.  BEASLEY, 
M.A.  Eighth  Edition,  revised  and  enlarged.  Crown  8vo.  y.6J. 

Boole.— THE  CALCULUS  OF  FINITE  DIFFERENCES. 
By  G.  BOOLE,  D.C.L.,  F.R.S.,  late  Professor  of  Mathematics  in 
the  Queen's  University,  Ireland.  Third  Edition,  revised  by 
J.  F.  MOULTON.  Crown  Svo.  los.  6d. 

Cambridge  Senate-House  Problems  and  Riders, 
with  Solutions : — 

1875— PROBLEMS  AND  RIDERS.  By  A.  G.  GREENHILL, 
M.A.  Crown  Svo.  8*.  €>d. 

1878— SOLUTIONS  OF  SENATE-HOUSE  PROBLEMS.  By 
the  Mathematical  Moderators  and  Examiners.  Edited  by  J.  W.  L. 
GLAISHER,  M.A.,  Fellow  of  Trinity  College,  Cambridge.  I2s. 

Carll. — A  TREATISE  ON  THE  CALCULUS  OF  VARIA- 
TIONS. Arranged  with  the  purpose  of  Introducing,  as  well  as 
Illustrating,  its  Principles  to  the  Reader  by  means  of  Problems, 
and  Designed  to  present  in  all  Important  Particulars  a  Complete 
View  of  the  Present  State  of  the  Science.  By  LEWIS  BUFFETT 
CARLL,  A.  M.  Demy  Svo.  2is. 

Cheyne. — AN  ELEMENTARY  TREATISE  ON  THE  PLAN- 

ETARY  THEORY.  By  C.  H.  H.  CHEYNE,  M.A.,  F.R.A.S. 
With  a  Collection  of  Problems.  Third  Edition.  Edited  by  Rev. 
A.  FREEMAN,  M.A.,  F.R.A.S.  Crown  Svo.  js.  6d. 

Christie. — A  COLLECTION  OF  ELEMENTARY  TEST- 
QUESTIONS  IN  PURE  AND  MIXED  MATHEMATICS; 
with  Answers  and  Appendices  on  Synthetic  Division,  and  on  the 
Solution  of  Numerical  Equations  by  Homer's  Method.  By  JAMES 
R.  CHRISTIE,  F.R.S.,  Royal  Military  Academy,  Woolwich. 
Crown  Svo.  8.r.  6d. 

Clausius. — MECHANICAL  THEORY  OF  HEAT.  By  R. 
CLAUSIUS.  Translated  by  WALTER  R.  BROWNE,  M.A.,  late 
Fellow  of  Trinity  College,  Cambridge.  Crown  8vo.  lor.  6t/. 


DAY,  M.A.,  Evening  Lecturer  in  Experimental  Physics  at  King's 
Po 
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Clifford.—  THE  ELEMENTS  OF  DYNAMIC.  An  Introduction 
to  the  Study  of  Motion  and  Rest  in  Solid  and  Fluid  Bodies.  By  \V. 
K.  CLIFFORD,  F.R.S.,  late  Professor  of  Applied  Mathematics  and 
Mechanics  at  University  College,  London.  Parti.—  KINEMATIC. 
Crown  8vo.  7-r.  6d. 

Cotterill.—  APPLIED  MECHANICS  :  an  Elementary  General 
Introduction  to  the  Theory  of  Structures  and  Machines.  By 
JAMES  H.  COTTERILL,  F.R.S.,  Associate  Member  of  the  Council 
of  the  Institution  of  Naval  Architects,  Associate  Member  of  the 
Institution  of  Civil  Engineers,  Professor  of  Applied  Mechanics  in 
the  Royal  Naval  College,  Greenwich.  Medium  8vo.  iSs. 

Day  (R.  E.)  —ELECTRIC  LIGHT  ARITHMETIC.     By  R.  E. 
DAY,  M.A.,  Evening  Lecturer  in 
College,  London.     Pott  8vo.     2s. 

Drew.—  GEOMETRICAL  TREATISE  ON  CONIC  SECTIONS. 
By  W.  H.  DREW,  M.A.,  St.  John's  College,  Cambridge.  New 
Edition,  enlarged.  Crown  8vo.  5*- 

Dyer.—  EXERCISES  IN  ANALYTICAL  GEOMETRY.  Com- 
piled  and  arranged  by  J.  M.  DYER,  M.A.,  Senior  Mathematical 
Master  in  the  Classical  Department  of  Cheltenham  College.  With 
Illustrations.  Crown  8vo.  4^.  6d. 

Eagles  (T.H.).—  A  CONSTRUCTIVE  TREATISE  ON  PLANE 
CURVES.  By  T.  H.  EAGLES,  of  the  Royal  Indian  Engineering 
College,  Cooper's  Hill.  With  Illustrations.  Crown  8vo. 

[/«  the  press. 

Edgar  (J.  H.)  and  Pritchard  (G.  S.).  —  NOTE-BOOK  ON 
PRACTICAL  SOLID  OR  DESCRIPTIVE  GEOMETRY. 
Containing  Problems  with  help  for  Solutions.  By  J.  H.  EDGAR, 
M.A.,  Lecturer  on  Mechanical  Drawing  at  the  Royal  School  of 
Mines,  and  G.  S.  PRITCHARD.  Fourth  Edition,  revised  by 
ARTHUR  MEEZE.  Globe  8vo.  4*.  6d. 

Ferrers.  —  Works  by  the  Rev.  N.  M.  FERRERS,  M.A.,  Master  of 
Gonville  and  Caius  College,  Cambridge. 

AN  ELEMENTARY  TREATISE  ON  TRILINEAR  CO- 
ORDINATES, the  Method  of  Reciprocal  Polars,  and  the  Theory 
of  Projectors.  New  Edition,  revised.  Crown  8vo.  6s.  6J. 

AN  ELEMENTARY  TREATISE  ON  SPHERICAL  HAR- 
MONICS, AND  SUBJECTS  CONNECTED  WITH  THEM. 
Crown  8vo.  7*.  &/. 
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Forsyth. — A  TREATISE  ON  DIFFERENTIAL  EQUA- 
TIONS. By  ANDREW  RUSSELL  FORSYTH,  M.A.,  Fellow  and 
Assistant  Tutor  of  Trinity  College,  Cambridge.  8vo.  14?. 

Frost — Works  by  PERCIVAL  FROST,  M.  A.,  D.Sc.,  formerly  Fellow 

of   St.   John's   College,    Cambridge  ;    Mathematical   Lecturer  at 

King's  College. 
AN  ELEMENTARY  TREATISE  ON  CURVE  TRACING.    By 

PERCIVAL  FROST,  M.A.     8vo.     izs. 
SOLID  GEOMETRY.     A  New  Edition,  revised  and  enlarged,  of 

the  Treatise  by  FROST  and  WOLSTENHOLME.    In  2  Vols.    Vol.  I. 

8vo.     i6s. 

Greaves. — A  TREATISE  ON  ELEMENTARY  STATICS.  By 

JOHN  GREAVES,  M.A.,  Fellow  of  Christ's  College,  Cambridge. 
Crown  8vo.  [/«  the  press. 

Greenhill.— PRACTICAL  TREATISE  ON  THE  DIFFER- 
ENTIAL AND  INTEGRAL  CALCULUS.  By  A.  G. 
GREENHILL,  M.A.,  Professor  of  Mathematics  to  the  Senior  Class 
of  Artillery  Officers,  Woolwich,  and  Examiner  in  Mathematics 
at  the  University  of  London.  Crown  8vo.  [/«  the  press. 

Hemming. — AN  ELEMENTARY  TREATISE  ON  THE 
DIFFERENTIAL  AND  INTEGRAL  CALCULUS,  for  the 
Use  of  Colleges  and  Schools.  By  G.  W.  HEMMING,  M.A., 

Fellow  of  St.  John's  College,  Cambridge.      Second  Edition,  with 
Corrections  and  Additions.    8vo.     gs. 

Ibbetson.— THE  MATHEMATICAL  THEORY  OF  PER- 
FECTLY  ELASTIC  SOLIDS,  with  a  short  account  of  Viscous 
Fluids.  An  Elementary  Treatise.  By  WILLIAM  JOHN  IBBETSON, 
B.A.,  F.R.A.S.,  Senior  Scholar  of  Clare  College,  Cambridge. 
8vo.  [/« theprtss. 

Jellet  (John  H.).— A  TREATISE  ON  THE  THEORY  OF 
FRICTION.  By  JOHN  H.  JELLET,  B.D.,  Provost  of  Trinity 
College,  Dublin;  President  of  the  Royal  Irish  Academy.  8vo. 
8*.  6</. 

Johnson. — Works  by  WILLIAM   WOOLSEY  JOHNSON,   Professor 

of  Mathematics  at  the  United  States  Naval  Academy,  Annopolis, 

Maryland. 
INTEGRAL    CALCULUS,    an    Elementary   Treatise     on    the  ; 

Founded  on  the  Method  of  Rates  or  Fluxions.     Demy  8vo.     8s. 
CURVE     TRACING     IN     CARTESIAN    CO-ORDINATES. 

Crown  8vo.     4*-  6d. 
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Kelland  and  Tait. — INTRODUCTION  TO  QUATER- 
NIONS, with,  numerous  examples.  By  P.  KELLAND,  M.A., 
F.  R.S.,  and  P.  G.  TAIT,  M.A.,  Professors  in  the  Department  of 
Mathematics  in  the  University  of  Edinburgh.  Second  Edition. 
Crown  Svo.  "]s.  6d. 

Kempe. — HOW  TO  DRAW  A  STRAIGHT  LINE:  a  Lecture 

on  Linkages.  By  A.  B.  KEMPE.  With  Illustrations.  Crown  Svo. 
is.  6d.  (Nature  Series.) 

Knox. — DIFFERENTIAL  CALCULUS  FOR  BEGINNERS. 
By  ALEXAN  ER  KNOX.  Fcap.  Svo.  y.  (>d. 

Lock. — ELEMENTARY  TRIGONOMETRY.      By  Rev.    J.    B. 
LOCK,    M.A.,   Senior  Fellow,  Assistant  Tutor  and    Lecturer   in 
Mathematics,   of  Gonville  and   Caius  College,    Cambridge ;  late 
Assistant-Master  at  Eton.     Globe  Svo.     4*.  6d. 
HIGHER  TRIGONOMETRY.    By  the  same  Author.     Globe  Svo. 
V.6J. 
Both  Parts  complete  in  One  Volume.     Globe  Svo.     fs.  6d. 

Lupton. — ELEMENTARY  CHEMICAL  ARITHMETIC.  With 
1,100  Problems.  By  SYDNEY  LUPTON,  M.A.,  Assistant-Master 
in  Harrow  School.  Globe  Svo.  55. 

Macfarlane, — PHYSICAL  ARITHMETIC.    By  ALEXANDER 

MACFARLANE,  M.A.,  D.Sc.,  F.R.S.E.,  Examiner  in  Mathematics 
to  the  University  of  Edinburgh.  Crown  Svo.  7$.  6d. 

Merriman. — A  TEXT  BOOK  OF  THE  METHOD  OF  LEAST 

SQUARES.  By  MANSFIELD  MERRIMAN,  Professor  of  Civil 
Engineering  at  Lehigh  University,  Member  of  the  American 
Philosophical  Society,  American  Association  for  the  Advancement 
of  Science,  American  Society  of  Civil  Engineers'  Club  of  Phila- 
dephia,  Deutschen  Geometervereins,  &c.  Demy  Svo.  8s.  6d. 

Millar. — ELEMENTS  OF  DESCRIPTIVE  GEOMETRY.  By 
T.  B.  MILLAR,  C.E.,  Assistant  Lecturer  in  Engineering  in  Owens 
College,  Manchester.  Crown  Svo.  6s. 

Milne. —  WEEKLY  PROBLEM  PAPERS.  With  Notes  intended 
for  the  use  of  students  preparing  for  Mathematical  Scholarships, 
and  for  the  Junior  Members  of  the  Universities  who  are  reading 
for  Mathematical  Honours.  By  the  Rev.  JOHN  J.  MILNE,  M.A., 
Second  Master  of  Heversham  Grammar  School,  Member  of  the 
London  Mathematical  Society,  Member  of  the  Association  for  the 
Improvement  of  Geometrical  Teaching.  Pott  Svo.  4J.  6d. 
SOLUTIONS  TO  WEEKLY  PROBLEM  PAPERS.  By  the 
Rev.  JOHN  J.  MILNE,  M.A.  Pott  Svo.  [In  the  pre<s. 
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— A   TREATISE   ON   THE  THEORY   OF   DETERMI- 
NANTS.     With    graduated    sets    of    Examples.       For    use    in 
Colleges    and    Schools.       By    THOS.    MUIR,    M.A      FRSE 
Mathematical  Master  in  the  High  School  of  Glasgow. '   Crown 
8vo.     Js.  6d. 

Parkinson.— AN    ELEMENTARY   TREATISE   ON   ME. 

CHANICS.     For  the  Use  of  the  Junior  Classes  at  the  University 
and  the   Higher  Classes  in  Schools.     By  S.  PARKINSON,  D  D 
F.R.S.,  Tutor  and  Fndector  of  St.  John's  College,  Cambridge 
With  a  Collection  of  Examples.     Sixth  Edition,  revised.     Crown 
8vo.     gs.  6d. 

Pirie. — LESSONS  ON  RIGID  DYNAMICS.   By  the  Rev.  G. 

1  IRIE,  M.A.,  late  Fellow  and  Tutor  of  Queen's  College,  Cam- 
bridge ;  Professor  of  Mathematics  in  the  University  of  Aberdeen. 
Crown  8vQ.  6s. 

Puckle. — AN  ELEMENTARY  TREATISE  ON  CONIC  SEC- 
TIONS AND  ALGEBRAIC  GEOMETRY.  With  Numerous 
Examples  and  Hints  for  their  Solution  ;  especially  designed  for  the 
Use  of  Beginners.  By  G.  H.  PUCKLE,  M.A.  Fifth  Edition, 
revised  and  enlarged.  Crown  8vo.  7.?.  dd. 

Reuleaux.— THE  KINEMATICS  OF  MACHINERY.  Out- 
lines of  a  Theory  of  Machines.  By  Profe-sor  F.  REULEAUX. 
Translated  and  Edited  by  Professor  A.  B.  W.  KENNEDY,  C.E. 
With  450  Illustrations.  Medium  8vo.  2is. 

Rice  and  Johnson — DIFFERENTIAL   CALCULUS,  an 

Elementary  Treatise  on  the  ;  Founded  on  the  Method  of  Rates  or 
Fiuxions,  By  JOHN  MINOT  RICH,  Professor  of  Mathematics  in 
the  United  State-;  Navy,  and  WILLIAM  WOOLSEY  JOHNSON,  Pro- 
fes;or  of  Mathematics  at  the  United  States  Naval  Academy. 
Third  Edition,  Revised  and  Corrected.  Demy  8vo.  i6s. 
Abridged  Edition,  8.r. 

Robinson. — TREATISE  ON  MARINE  SURVEYING.  Pre- 
pared for  the  use  of  younger  Naval  Officers.  With  Questions  for 
Examinati  >ns  and  Exercises  principally  from  the  Papers  of  the 
Royal  Naval  College.  With  the  results.  By  Rev.  JOHN  L. 
ROBINSON,  Chaplain  and  Instructor  in  the  Royal  Naval  College, 
Greenwich.  With  Illustrations.  Crown  8vo.  js.  6d. 

CONTENTS.— Symbols  used  in  Charts  and  Surveying— The  Construction  and  Use 
of  Scales— Laying  off  Angles— Fixing  Positions  by  Angles  -  Charts  and  Chart- 
Drawing—Instruments  and  Observing  —  Bare  Lines— Triangulation — Levelling— 
Tides  and  Tidal  Observations— Soundings — Chronometers — Meridian  Distances 
-  Method  of  Plotting  a  Survey — Miscellaneous  Exercises — Index. 
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Routh. — Works  by  EDWARD  JOHN  ROUTH,  D.Sc.,  LL.D., 
F.R.S.,  Fellow  of  the  University  of  London,  Hon.  Fellow  of  St. 
Peter's  College,  Cambridge. 

A  TREATISE  ON  THE  DYNAMICS  OF  THE  SYSTEM  OF 
RIGID  BODIES.  With  numerous  Examples.  Fourth  and 
enlarged  Edition.  Two  Vols.  Svo.  Vol.  I. — Elementary  Parts. 
I4f.  Vol.  II.— The  Advanced  Parts.  14^. 

STABILITY  OF  A  GIVEN  STATE  OF  MOTION,  PAR- 
TICULARLY STEADY  MOTION.  Adams'  Prize  Essay  for 
1877.  Svo.  8s.  &/. 

Smith  (C.). — Works  by  CHARLES  SMITH,  M.A.,  Fellow  and 
Tutor  of  Sidney  Sussex  College,  Cambridge. 

CONIC  SECTIONS.    Second  Edition.     Crown  Svo.     7s.  6d. 

AN  ELEMENTARY  TREATISE  ON  SOLID  GEOMETRY. 
Crown  Svo.  gs.  6d. 

Snowball. — THE  ELEMENTS  OF  PLANE  AND  SPHERI- 
CAL TRIGONOMETRY ;  with  the  Construction  and  Use  of 
Tables  of  Logarithms.  By  J.  C.  SNOWBALL,  M.A.  New  Edition. 
Crown  Svo.  "js.  6d. 

Tait  and  Steele. — A  TREATISE  ON  DYNAMICS  OF  A 

PARTICLE.     With   numerous    Examples.     By  Professor  TAIT 
and  Mr.  STEELE.     Fourth  Edition,  revised.     Crown  Svo.      12s. 
Thomson.— A  TREATISE  ON  THE  MOTION  OF  VORTEX 
RINGS.     An  Essay  to  which  the  Adams  Prize  was  adjudged  in 
1882  in  the  University  of  Cambridge.     By  J.  J.  THOMSON,  Fellow 
of  Trinity   College,    Cambridge,    and  Professor  of  Experimental 
Physics  in  the  University.     With  Diagrams.     Svo.     6.r. 
Todhunter. — Works  by  I.  TODHUNTER,  M.A.,  .F.R.S.,  D.Sc., 

late  of  St.  John's  College,  Cambridge. 

"  Mr.  Todhunter  is  chiefly  known  to  students  of  Mathematics  as  the  author  of  a 

series  of  admirable  mathematical  text-books,  which  possess  the  rare  qualities  of  being 

clear  in   style    and    absolutely  free    from  mistakes,   typographical  and   other." — 

SATURDAY  REVIEW. 

TRIGONOMETRY     FOR     BEGINNERS.       With      numerous 

Examples.     New  Edition.     i8mo.     zr.  6d. 
KEY  TO  TRIGONOMETRY  FOR  BEGINNERS.     Crown  Svo. 

85.  6d. 
MECHANICS   FOR   BEGINNERS.      With  numerous  Examples. 

New  Edition.     i8mo.     4*.  &/. 
KEY   TO   MECHANICS    FOR    BEGINNERS.       Crown    Svo. 

6s.  6d. 
AN   ELEMENTARY   TREATISE    ON   THE   THEORY   OF 

EQUATIONS.     New  Edition,  revised.     Crown  Svo.     ^s.  6d. 
PLANE  TRIGONOMETRY.      For  Schools  and  Colleges.     New 

Edition.     Crown  Svo.     55. 
KEY  TO  PLANE  TRIGONOMETRY.     Crown  Svo.     los.  6J. 
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Todhunter. — Works  by  I.  TODHUNTER,  M.A.,  &c.  (continued)— 
A  TREATISE   ON   SPHERICAL  TRIGONOMETRY.      New 
Edition,  enlarged.     Crown  8vo.     4*.  6d. 

PLANE  CO-ORDINATE  GEOMETRY,  as  applied  to  the  Straight 
Line  and  the  Conic  Sections.  With  numerous  Examples.  New 
Edition,  revised  and  enlarged.  Crown  Svo.  "]s.  6d. 

A  TREATISE  ON  THE  DIFFERENTIAL  CALCULUS.  With 
numerous  Examples.  New  Edition.  Crown  Svo.  ioj.  6d. 

A  TREATISE  ON  THE  INTEGRAL  CALCULUS  AND  ITS 
APPLICATIONS.  With  numerous  Examples.  New  Edition, 
revised  and  enlarged.  Crown  Svo.  lor.  6d. 

EXAMPLES  OF  ANALYTICAL  GEOMETRY  OF  THREE 
DIMENSIONS.  New  Edition,  revised.  Crown  Svo.  4*. 

A  HISTORY  OF  THE  MATHEMATICAL  THEORY  OF 
PROBABILITY,  from  the  time  of  Pascal  to  that  of  Laplace. 
Svo.  i8s. 

RESEARCHES  IN  THE  CALCULUS  OF  VARIATIONS, 
principally  on  the  Theory  of  Discontinuous  Solutions:  an  Essay  to 
which  the  Adams'  Prize  was  awarded  in  the  University  of  Cam- 
bridge in  1871.  Svo.  6s. 

A  HISTORY  OF  THE  MATHEMATICAL  THEORIES  OF 
ATTRACTION,  AND  THE  FIGURE  OF  THE  EARTH, 
from  the  time  of  Newton  to  that  of  Laplace.  2  vols.  Svo.  2\s. 

AN  ELEMENTARY  TREATISE  ON  LAPLACE'S,  LAME'S, 
AND  BESSEL'S  FUNCTIONS.  Crown  Svo.  los.  6d. 

Wilson  (J.  M.). — SOLID  GEOMETRY  AND  CONIC  SEC- 
TIONS. With  Appendices  on  Transversals  and  Harmonic  Division. 
For  the  Use  of  Schools.  By  Rev.  J.  M.  WILSON,  M.A.  Head 
Master  of  Clifton  College.  New  Edition.  Extra  fcap.  Svo.  3^.  6d. 

Wilson.— GRADUATED  EXERCISES  IN  PLANE  TRI- 
GONOMETRY. Compiled  and  arranged  by  J.  WILSON,  M.A., 
and  S.  R.  WILSON,  B.A.  Crown  Svo.  4?.  6d. 

"The  exercises  seem  beautifully  graduated  and  adapted  to  lead  a  student  on  most 
gently  and  pleasantly."— E.  J.  ROUTH,  F.R.S.,  St.  Peter's  College,  Cambridge. 

(See  also  Elementary  Geometry.) 

Woolwich   Mathematical   Papers,   for  Admission  into 

the   Royal   Military  Academy,    Woolwich,   1880— 1884  inclusive. 
Crown  Svo.     3^-  ^d. 
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Woistenholme. — MATHEMATICAL  PROBLEMS,  on  Sub- 
jects included  in  the  First  and  Second  Division-;  of  the  Schedule  of 
subjects  for  the  Cambridge  Mathematical  Tripos  Examination. 
Devised  and  arranged  by  JOSEPH  WOLSTEXHOLME,  D.Sc.,  late 
Fellow  of  Christ's  College,  sometime  Fellow  of  St.  John's  College, 
and  Professor  of  Mathematics  in  the  Royal  Indian  Engineering 
College.  New  Edition,  greatly  enlarged.  8vo.  i8s. 

EXAMPLES   FOR   PRACTICE  IN   THE   USE   OF   SEVEN- 
FIGURE  LOGARITHMS.  By  the  same  Author.  {In  preparation. 


SCIENCE. 

(i)  Natural  Philosophy,  (2)  Astronomy,  (3) 
Chemistry,  (4)  Biology,  (5)  Medicine,  (6)  Anthro- 
pology, (7)  Physical  Geography  and  Geology,  (8) 
Agriculture,  (9)  Political  Economy,  (10)  Mental 
and  Moral  Philosophy. 

NATURAL  PHILOSOPHY. 

Airy. — Works  by  Sir  G.  B.  AIRY,  K.C.B.,  formerly  Astronomer- 
Royal. 

UNDULATORY  THEORY  OF  OPTICS.  Designed  for  the  Use 
of  Students  in  the  University.  New  Edition.  Crown  8vo.  6s.  6d. 

ON  SOUND  AND  ATMOSPHERIC  VIBRATIONS.  With 
the  Mathematical  Elements  of  Music.  Designed  for  the  Use  of 
Students  in  the  University.  Second  Edition,  revised  and  enlarged. 
Crown  8vo.  gs. 

A  TREATISE  ON  MAGNETISM.  Designed  for  the  Use  of 
Students  in  the  University.  Crown  8vo.  Qr.  6d. 

GRAVITATION:  an  Elementary  Explanation  of  the  Principal 
Perturbations  in  the  Solar  System.  Second  Edition.  Crown  8vo. 
7-r.  6d. 

Alexander  (T.). — ELEMENTARY  APPLIED  MECHANICS. 

Being  the  simpler  and  more  practical  Cases  of  Stress  and  Strain 
wrought  out  individually  from  first  principles  by  means  of  Ele- 
mentary Mathematics.  By  T.  ALEXANDER,  C.E.,  Professor  of 
Civil  Engineering  in  the  Imperial  College  of  Engineering,  Tokei, 
Japan.  Crown  8vo.  Part  I.  ^s.  f>d. 
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Alexander  —  Thomson.  —  ELEMENTARY  APPLIED 
MECHANICS.  By  THOMAS  ALEXANDER,  C.E.,  Professor  of 
Engineering  in  the  Imperial  College  of  Engineering,  Tokei,  Japan  ; 
and  ARTHUR  WATSON  THOMSON,  C.E.,  B.Sc.,  Professor  of 
Engineering  at  the  Royal  College,  Cirencester.  Part  II.  TRANS- 
VEKSE  STRESS  ;  upwards  of  150  Diagrams,  and  200  Examples 
carefully  worked  out  ;  new  and  complete  method  for  finding,  at 
every  point  of  a  beam,  the  amount  of  the  greatest  bending 
moment  and  shearing  force  during  the  transit  of  any  set  of  loads 
fixed  relatively  to  one  another — f-ff:,  the  wheels  of  a  locomotive  ; 
continuous  beams  &c.,  &c.  Crown  8vo.  los.  6d. 

Ball  (R.  S.). — EXPERIMENTAL  MECHANICS.  A  Course  of 
Lectures  delivered  at  the  Royal  College  of  Science  for  Ireland. 
By  R  S.  BALL,  M.A.,  Profe>sor  of  Applied  Mathematics  and 
Mechanics  in  the  Royal  College  of  Science  for  Ireland.  Cheaper 
Issue.  Royal  Svo.  los.  6d. 

Chisholm. — THE  SCIENCE  OF  WEIGHING  AND 
MEASURING,  AND  THE  STANDARDS  OF  MEASURE 
AND  WEIGHT.  By  H.  W.  CHISHOLM,  Warden  of  the  Standards. 
With  numerous  Illu>tratious.  Crown  Svo.  4^.  6(/.  (Nature  Series.) 

Clausius. — MECHANICAL  THEORY  OF  HEAT.  By  R. 
CLAUSIUS.  Translated  by  WALTER  R.  BROWNE,  M.A.,  late 
Fellow  of  Trinity  College,  Cambridge.  Crown  Svo.  ids.  6d. 

Cotterill. — APPLIED  MECHANICS  :  an  Elementary  General 
Introduction  to  the  Theory  of  Structures  and  Machines.  By 
JAMES  H.  COTTERILL,  F.R.S.,  Associate  Member  of  the  Council 
of  the  Institution  of  Naval  Architects,  Associate  Member  of  the 
Institution  of  Civil  Engineers,  Professor  of  Applied  Mechanics  in 
the  Royal  Naval  College,  Greenwich.  Medium  Svo.  i8j. 

Gumming. — AN  INTRODUCTION  TO  THE  THEORY  OF 
ELECTRICITY.  By  LINN/EUS  GUMMING,  M.A.,  one  of  the 
Masters  of  Rugby  School.  With  Illustrations.  Crown  Svo. 
&r.  6d. 

Daniell.— A  TEXT-BOOK  OF  THE  PRINCIPLES  OF 
PHYSICS.  By  ALFRED  DANIELL,  M.A.,  LL.B.,  D.Sc., 
F.R.S.E.,  late  Lecturer  on  Phy.-ics  m  the  School  of  Medicine, 
Edinburgh.  With  Illustrations.  Second  Edition.  Revised  and 
Enlarged.  Medium  Svo.  2is. 

Day. — ELECTRIC  LIGHT  ARITHMETIC.  By  R.  E.  DAY, 
M.A.,  Evening  Lecturer  in  Experimental  Phy.-ics  at  King's 
College,  London.  Pott  Svo.  2s. 

Everett.— UNITS  AND  PHYSICAL  CONSTANTS.  By  J.  D. 
EVERETT,  F.R.S.,  Professor  of  Natural  Philosophy,  Queens 
College,  Belfast.  Extra  fcap.  Svo.  4^.  6J. 
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Gray — ABSOLUTE  MEASUREMENTS  IN  ELECTRICITY 

AND  MAGNETISM.  By  ANDREW  GRAY,  M.A.,  F.R  S.E., 
Professor  of  Physics  in  the  University  College  of  North  Wales. 
Pott  8vo.  3J.  (xt. 

Grove.— A  DICTIONARY  OF  MUSIC  AND  MUSICIAN?. 
By  Eminent  Writers,  English  and  Foreign.  Edited  by  Sir  GEORGE 
GROVE,  D.C.L.,  Director  of  the  Royal  College  of  Music,  &c. 
Demy  8vo. 

Vols.  I.,  II.,  and  III.     Price  215.  each. 

Vol.  I.  A  to  IMPROMPTU.  Vol.  II.  IMPROPERIA  to 
PLAIN  SONG.  Vol.  III.  PLANCHE  TO  SUMER  IS 
ICUMEN  IN.  Demy  8vo.  cloth,  with  Illustrations  in  Music 
Type  and  Woodcut.  Also  published  in  Parts.  Parts  I.  to  XIV., 
Parts  XIX.  and  XX.,  price  3^.  6d.  each.  Parts  XV.,  XVI.,  price  71, 
Parts  XVII.,  XVIII...  price  ^s. 
"Dr.  Grove's  Dictionary  will  be  a  boon  to  every  intelligent  lover  of  music." — 

Saturday  Review. 

Huxley. — INTRODUCTORY  PRIMER  OF  SCIENCE.  By  T. 
H.  HUXLEY,  P.R.S.,  Professor  of  Natural  History  in  the  Royal 
School  of  Mines,  &c.  iSino.  is. 

Ibbetson. — THE  MATHEMATICAL  THEORY  OF  PER- 
FECTLY ELASTIC  SOLIDS,  with  a  Short  Account  of  Viscous 
Fluids.  An  Elementary  Treatise.  By  WILLIAM  JOHN  IBBETSON, 
B.A.,  F.R.A.S.,  Senior  Scholar  of  Clare  College,  Cambridge.  8vo. 

[In  the  press. 

Ketnpe. — HOW  TO  DRAW  A  STRAIGHT  LINE ;  a  Lecture 
on  Linkages.  By  A.  B.  KEMPE.  With  Illustrations.  Crown 
8vo.  is.  6(/.  (Nature  Series. ) 

Kennedy. — MECHANICS  OF  MACHINERY.    By  A.  B.  \v. 

KENNEDY,  M.lnst.C.E.,  Professor  of  Engineering  and  Mechani- 
cal Technology  in  University  College,  London.  With  Illus- 
trations. Crown  8vo.  [In  the  press. 

Lang.— EXPERIMENTAL  PHYSICS.  By  P.  R.  SCOTT  LANG, 
M.A.,  Professor  of  Mathematics  in  the  University  of  St.  Andrews. 
Crown  8vo.  [In  preparation. 

Lupton.— NUMERICAL  TABLES  AND  CONSTANTS  IN 
ELEMENTARY  SCIENCE.  By  SYDNEY  LUPTON,  M.A., 
F.C.S.,  F.I.C.,  Assistant  Master  at  Harrow  School.  Extra  fcap. 
8vo.  2s.  6d. 

Macfarlane, — PHYSICAL  ARITHMETIC.    By  ALEXANDER 

MACFARLANE,  D.Sc.,  Examiner  in  Mathematics  in  the  University 
of  Edinburgh.  Crown  8vo.  Js.  6d. 
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Mayer. — SOUND:  a  Series  of  Simple,   Entertaining,  and  Inex- 
pensive Experiments  in  the  Phenomena  of  Sound,  for  the  Use  of 


Students  of  every  age.  By  A.  M.  MAYER,  Professor  of  Physics 
in  the  Stevens  Institute  of  Technology,  &c.  With  numerous 
Illustrations.  Crown  8vo.  2s.  €>d.  (Nature  Series.) 

Mayer  and   Barnard. — LIGHT :  a  Series  of  Simple,  Enter- 
taining, and  Inexpensive  Experiments  in  the  Phenomena  of  Light, 
for  the  Use  of  Students  of  every  age.     By  A.  M.  MAYER  and  C. 
BARNARD.     With  numerous  Illustrations.     Crown  8vo.     2s.  6d. 
(Nature  Series.) 

Newton. — PRINCIPIA.     Edited  by  Professor  Sir  W.  THOMSON 

and  Professor  BLACKBURN E.     4to,  cloth.     %is.  6d. 
THE   FIRST   THREE    SECTIONS   OF    NEWTON'S   PRIN- 
CIPIA.     With  Notes  and  Illustrations.      Also  a  Collection  of 
Problems,  principally  intended  as  Example^  of  Newton's  Methods. 
By  PERCIVAL  FROST,  M.A.     Third  Edition.     8vo.     125. 

Parkinson. — A  TREATISE  ON  OPTICS.  By  S.  PARKINSON, 
D  D.,  F.R.S.,  Tutor  and  Prelector  of  St.  John's  College,  Cam- 
bridge. Fourth  Edition,  revised  and  enlarged.  Crown  8vo.  los.  dd. 

Perry. — STEAM.  AN  ELEMENTARY  TREATISE.  By 
JOHN  PERRY,  C.E.,  Whitworth  Scholar,  Fellow  of  the  Chemical 
Society,  Pnfessor  of  Mechanical  Engineering  and  Applied  Mech- 
anics at  the  Technical  College,  Finsbury.  With  numerous  Wood- 
cuts and  Numerical  Examples  and  Exercises.  i8mo.  qs.  6d. 

Ramsay.—  EXPERIMENTAL  PROOFS  OF  CHEMICAL 
THEORY  FOR  BEGINNERS.  By  WILLIAM  RAMSAY,  Ph.D., 
Professor  of  Chemistry  in  University  College,  Bristol.  Pott  8vo. 
2s.  6d. 

Rayleigh. — THE  THEORY  OF  SOUN*D.  By  LORD  RAYLEIGH, 
M.A.,  F.R.S.,  formerly  Fellow  of  Trinity  College,  Cambridge, 
8vo.  Vol.  I.  12s.  6d.  Vol.  II.  I2s.  6<t.  [Vol.  III.  in  the  press. 

Reuleaux.— THE  KINEMATICS  OF  MACHINERY.  Out- 
lines of  a  Theory  of  Machines.  By  Professor  F.  REULEAUX. 
Translated  and  Edited  by  Professor  A.  B.  W.  KENNEDY,  C.E. 
With  450  Illustrations.  Medium  8vo.  2is. 

Shann.— AN  ELEMENTARY  TREATISE  ON  HEAT,  IN 
RELATION  TO  STEAM  AND  THE  STEAM-ENGINE. 
By  G.  SHANN,  M.A.  With  Illustrations.  Crown  8vo.4J.  6d. 

SpOttiswOOde.— POLARISATION  OF  LIGHT.  By  the  late 
W.  SPOTTISWOODE,  F.R.S.  With  many  Illustrations.  New 
Edition.  Crown  Svo.  y.  6d.  (Nature  Series.) 
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Stewart  (Balfour).— Works  by  BALFOUR  STEWART,  F.R.S., 

Professor  of  Natural  Philosophy  in  the   Owens  College,  Victoria 

University,  Manchester. 
PRIMER   OF    PHYSICS.     With  numerous   Illustrations.      New 

Edition,  with  Questions.      l8mo.      u.     (Science  Primers.) 
LESSONS    IN    ELEMENTARY    PHYSICS.       With   numerous 

Illustrations  and  Chrornolitho  of  the  Spectra  of  the  Sun,  Stars, 

and  Nebulas.     New  Edition.     Fcap.  8vo.     45.  6d. 
QUESTIONS  ON  BALFOUR    STEWART'S  ELEMENTARY 

LESSONS  IN  PHYSICS.     By  Prof.  THOMAS  H.  CORE,  Owens 

College,  Manchester.     Fcap.  8vo.     2s. 

Stewart— Gee.— ELEMENTARY  PRACTICAL  PHYSICS, 

LESSONS  IN.  By  Professor  BALFOUR  STEWART,  F.R.S.,  and 
W.  HALDANE  GEE.  Crown  8vo. 

Part  I.— GENERAL  PHYSICAL  PROCESSES.     6s. 

Part  II.— OPTICS,  HEAT,  AND  SOUND.  [In  preparation. 

Part  III.— ELECTRICITY  AND  MAGNETISM.    [In  Preparation. 

A   SCHOOL   COURSE   OF  PRACTICAL  PHYSICS.     By  the 

same  authors.  [In  preparation. 

Stokes. — ON  LIGHT.     Being  the  Burnett  Lectures,  delivered  in 

Aberdeen  in   1883-1884.     By  GEORGE  GABRIEL  STOKES,  M. A., 

F.R.  S.,  &c.,  Fellow  of  Pembroke  College,  and  Luca>ian  Professor 

of  Mathematics  in  the  University  of  Cambridge.     First  Course. 

ON  THE  NATURE  OF  LIGHT.— Second  Course.     ON  LIGHT  AS 

A  MEANS  OF  INVESTIGATION.     Crown  8vo.     2;.  (xt.  each. 

Stone. — AN   ELEMENTARY  TREATISE  ON  SOUND.      By 

W.  H.    STONE,  M.D.     With  Illustrations.     i8mo.     y.  6d. 
Tait — HEAT.       By  P.  G.   TAIT,    M.A.,   Sec.    R.S.E.,    formerly 
Fellow  of  St.    Peter's  College,    Cambridge,  Professor  of  Natural 
Philosophy  in  the  University  of  Edinburgh.     Crown  Svo.     6s. 

Thompson. — ELEMENTARY  LESSONS  TN  ELECTRICITY 

AND  MAGNETISM.  By  SILVANUS  P.  THOMPSON,  Principal 
and  Professor  of  Physics  in  the  Technical  College,  Finsbury.  With 
Illustrations.  New  Edition.  Fcap.  Svo.  4*.  6d. 

Thomson. — ELECTROSTATICS  AND  MAGNETISM,  RE- 
PRINTS OF  PAPERS  ON.  By  Sir  WILLIAM  THOMSON, 
D.C.L.,  LL.D.,  F.R.S.,  F.R.S.E.,  Fellow  of  St.  Peter's  College, 
Cambridge,  and  Professor  of  Natural  Philosophy  in  the  University 
of  Glasgow.  Second  Edition.  Medium  Svo.  iSs. 

Thomson.— THE  MOTION  OF  VORTEX  RINGS,  A 
TREATISE  ON.  An  Essay  to  which  the  Adams  Pri^e  was 
adjudged  in  1882  in  the  University  of  Cambridge.  By  J.  J. 
THOMSON,  Fellow  of  Trinity  College,  Cambridge,  and  Professor 
of  Experimental  Physics  in  the  University.  With  Diagrams.  Svo. 
dr. 
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Todhunter.— NATURALPHILOSOPHY  FOR  BEGINNERS 

By  I.  TODHUNTER,  M.A.,  F.R.S.,  D.Sc. 

Part  I.  The  Properties  of  Solid  and  Fluid  Bodies.     i8mo.     y.  6d. 
Part  II.   Sound,  Light,  and  Heat.      iSmo.     3.5-.  6d. 

Turner.— HEAT  AND  ELECTRICITY,  A  COLLECTION  OF 

EXAMPLES  ON.     By  H.  H.  TURNER,  B.A.,  Fellow  of  Trinity 
College,  Cambridge.     Crown  8vo.     2r.  6d. 

Wright  (Lewis).  —  LIGHT  ;  A  COURSE  OF  EXPERI- 
MENTAL OPTICS,  CHIEFLY  WITH  THE  LANTERN. 
By  LEWIS  WRIGHT.  With  nearly  200  Engravings  and  Coloured 
Plates.  Crown  8vo.  fs.  6d. 

ASTRONOMY. 

Airy.— POPULAR  ASTRONOMY.  With  Illustrations  by  Sir 
G.  B.  AIRY,  K.C.B.,  formerly  Astronomer-Royal.  New  Edition. 
i8mo.  4J-.  6d. 

Forbes.— TRANSIT  OF  VENUS.  By  G.  FORBES,  M.A., 
Professor  of  Natural  Philosophy  in  the  Andersonian  University, 
Glasgow.  Illustrated.  Crown  8vo.  3.?.  6d.  (Nature  Serifs.) 

Godfray. — Works    by    HUGH     GODFRAY,    M.A.,    Mathematical 


Lecturer  at  Pembroke  College,  Cambridge. 
TREATISE  ON  ASTRONOMY,  for  the  U 


se  of  Colleges  and 

AN  ELEMENTARY  TREATISE  ON  THE  LUNAR  THEORY, 
with  a  Brief  Sketch  of  the  Problem  up  to  the  time  of  Newton. 
Second  Edition,  revised.     Crown  8vo.     $s.  6d. 
Lockyer. — Works  by  J.  NORMAN  LOCKYER,  F.R.S. 

PRIMER    OF    ASTRONOMY.       With    numerous    Illustrations. 

New  Edition.      iSmo.      is.     (Science  Primers.} 
ELEMENTARY  LESSONS  IN  ASTRONOMY.     With  Coloured 
Diagram   of  the  Spectra  of  the   Sun,    Stars,    and   Nebulas,  and 
numerous  Illustrations.     New  Edition.     Fcap.  8vo.     $s.  6d. 
QUESTIONS  ON  LOCKYER'S  ELEMENTARY  LESSONS  IN 
ASTRONOMY.     For  the  Use  of  Schools.     By  JOHN  FORBES- 
ROBERTSON.     iSmo,  cloth  limp.     is.  6d. 

Newcomb.— POPULAR  ASTRONOMY.     By  S.    NEWCOMB, 
LL.D.,  Professor  U.S.  Naval  Observatory.    With  112  Illustrations 
and  5  Maps  of  the  Stars.     Second  Edition,  revised.     8vo.     iSs. 
"It  is  unlike  anything  else  of  its  kind,  and  will  be  of  more  use  in  circulating  a 
knowledge  of  Astronomy  than  nine-tenths  of  the  books  which  have  appeared  on  the 
subject  of  late  years."— SATURDAY  REVIEW. 

CHEMISTRY. 

Fleischer.-— A  SYSTEM  OF  VOLUMETRIC  ANALYSIS. 
Translated,  with  Notes  and  Additions,  from  the  Second  German 
Edition,  by  M.  M.  PATTISON  MUIR,  F.K.S.E.  With  Illustrations 
Crown  8vo.  7*.  6d. 
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Jones. — Works  by  FRANCIS  JONES,  F.R.S.E.,  F.C.S.,   Chemical 

Master  in  the  Grammar  School,  Manchester. 

THE    OWENS    COLLEGE    JUNIOR    COURSE    OF    PRAC- 
TICAL CHEMISTRY.     With  Preface  by  Sir  HENRY  ROSCOE, 
F.R.S.,  and  Illustrations.     New  Edition.     i8mo.     zs.  6d. 
QUESTIONS  ON    CHEMISTRY.       A  Series  of  Problems  and 
Exercises  in  Inorganic  and  Organic  Chemistry.     Fcap.  8vo.     y. 

Landauer. — BLOWPIPE  ANALYSIS.  By  J.  LANDAUER. 
Authorised  English  Edition  by  J.  TAYLOR  and  W.  E.  KAY,  of 
Owens  College,  Manchester.  Extra  fcap.  8vo.  4^.  (>d. 

Lupton.— ELEMENTARY  CHEMICAL  ARITHMETIC.  With 
1,100  Problems.  By  SYDNEY  LUPTON,  M.A.,  Assistant-Master 
at  Harrow.  Extra  fcap.  8vo.  $s. 

Mllir.— PRACTICAL  CHEMISTRY  FOR  MEDICAL  STU- 
DENTS. Specially  arranged  for  the  first  M.B.  Course.  By 
M.  M.  PATTISON  MUIR,  F.R.S.E.  Fcap.  8vo.  is.  6d. 

Muir  and  Wilson. — THE  ELEMENTS  OF  THERMAL 

CHEMISTRY.     By  M.  M.  PATTISON  MUIR,  M.A.,  F.R.S.E., 

Fellow  and  Prselector  of  Chemistry  in  Gonville  and  Caius  College, 

Cambridge;  Assisted  by  DAVID  MUIR  WILSON.  8vo.     [In  the  press. 

Remsen.— COMPOUNDS  OF  CARBON  ;  or,  Organic  Chemistry, 

an  Introduction  to  the  Study  of.     By  IRA  REMSEN,  Professor  of 

Chemistry  in  the  Johns  Hopkins  University.    Crown  8vo.    6s.  6d. 

ROSCOC. — Works  by  Sir  Henry  E.  ROSCOE,  F.R.S.,   Professor  of 

Chemistry  in  the  Victoria  University  the  Owens  College,  Manchester. 

PRIMER  OF  CHEMISTRY.  With  numerous  Illustrations.  New 
Edition.  With  Questions.  l8mo.  u.  (Science  Primers). 

LESSONS  IN  ELEMENTARY  CHEMISTRY,  INORGANIC 
AND  ORGANIC.  With  numerous  Illustrations  and  Chromolitho 
of  the  Solar  Spectrum,  and  of  the  Alkalies  and  Alkaline  Earths. 
New  Edition.  Fcap.  8vo.  4J.  €>d. 

A  SERIES  OF  CHEMICAL  PROBLEMS,  prepared  with  Special 
Reference  to  the  foregoing,  by  T.  E.  THORPE,  Ph.D.,  Professor 
of  Chemistry  in  the  Yorkshire  College  of  Science,  Leeds,  Adapted 
for  the  Preparation  of  Students  for  the  Government,  Science,  and 
Society  of  Arts  Examinations.  With  a  Preface  by  Sir  Henry  E. 
ROSCOE,  F.R.S.  New  Edition,  with  Key.  i8mo.  2s. 

Roscoe  and  Schorlemmer. — INORGANIC  AND  OR- 
GANIC CHEMISTRY.  A  Complete  Treatise  on  Inorganic  and 
Organic  Chemistry.  By  Sir  Henry  E.  ROSCOE,  F.R.S. ,  and 
Professor  C.  SCHORLEMMER,  F.R.S.  With  numerous  Illustrations. 
Medium  8vo. 

Vols.  I.  and  II.— INORGANIC  CHEMISTRY. 
Vol.  I.— The   Non-Metallic   Elements.      2it.      Vol.   II.    Part  I.— 
Metals.     i8j.     Vol.  II.  Part  II.— Metals.     i8j. 
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Roscoe  and  Schorlemmer — Works  by  (continued)— 

Vol.  III.— ORGANIC  CHEMISTRY.     Two  Parts,     zis.  each. 
THE  CHEMISTRY  OF  THE  HYDROCARBONS  and  their 
Derivatives,    or  ORGANIC    CHEMISTRY.       With    numerous 
Illustrations.    Medium  8vo.    2is.  each. 

Vol.  IV.— Part  I.     ORGANIC  CHEMISTRY,  continued. 

[/«  the  press. 

Schorlemmer. — A  MANUAL  OF  THE  CHEMISTRY  OF 

THE  CARBON  COMPOUNDS,  OR  ORGANIC  CHE- 
MISTRY. By  C.  SCHORLEMMER,  F.R.S.,  Professor  of  Che- 
mistry in  the  Victoria  University  the  Owens  College,  Manchester. 
With  Illustrations.  8vo.  14?. 

Thorpe. — A  SERIES  OF  CHEMICAL  PROBLEMS,  prepared 
with  Special  Reference  to  Sir  H.  E.  Roscoe's  Lessons  in  Elemen- 
tary Chemistry,  by  T.  E.  THORPE,  Ph.D.,  Professor  of  Chemistry 
in  the  Yorkshire  College  of  Science,  Leeds,  adapted  for  the  Pre- 
paration of  Students  for  the  Government,  Science,  and  Society  of 
Arts  Examinations.  With  a  Preface  by  Sir  HENRY  E.  ROSCOE, 
F.R.S.  New  Edition,  with  Key.  i8mo.  2s. 

Thorpe  and  Riicker. — A  TREATISE   ON  CHEMICAL 

PHYSICS.  By  Professor  THORPE,  F.R.S.,  and  Professor 
RiiCKER,  of  the  Yorkshire  College  of  Science.  Illustrated. 
8vo.  [/« preparation. 

Wright. — METALS  AND  THEIR  CHIEF  INDUSTRIAL 
APPLICATIONS.  BY  C.  ALDER  WRIGHT,  D.Sc.,  &c., 
Lecturer  on  Chemistry  in  St.  Mary's  Hospital  Medical  School. 
Extra  fcap.  8vo.  3^.  6d 


BIOLOGY. 

Allen. — ON  THE  COLOUR  OF  FLOWERS,  as  Illustrated  in 
the  British  Flora.  By  GRANT  ALLEN.  With  Illustrations. 
Crown  8vo.  y.dd.  (Nature  Series.) 

Balfour.  —  A  TREATISE  ON  COMPARATIVE  EMBRY- 
OLOGY.  By  F.  M.  BALFOUR,  M.A.,  F.R.S.,  Fellow  and 
Lecturer  of  Trinity  College,  Cambridge.  With  Illustrations. 
Second  Edition,  reprinted  without  alteration  from  the  First 
Edition.  In  2  vols.  8vo.  Vol.  I.  181.  Vol.  II.  2is. 

Bettany. — FIRST  LESSONS  IN  PRACTICAL  BOTANY. 
By  G.  T.  BETTANY,  M.A.,  F.L.S.,  Lecturer  in  Botany  at  Guy's 
Hospital  Medical  School.  i8mo.  is. 
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Bower— Vines.— A  COURSE  OF  PRACTICAL  INSTRUC- 
TION IN  BOTANY.  By  F.  O.  BOWER,  M.A.,  F.L.S., 
Professor  of  Botany  in  the  University  of  Glasgow,  and  SYDNEY 
H.  VINES,  M. A.,  D.Sc.,  F.R.S.,  Fellow  and  Lecturer,  Christ's 
College,  Cambridge.  With  a  Preface  by  W.  T.  THISELTON 
DYER,  M.A.,  C.M.G.,  F.R.S.,  F.L.S.,  Assistant  Director  of 
the  Royal  Gardens,  Kew.  Crown  8vo. 

Part  I.— PHANEROGAMS— PTERIDOPHYTA.  Crown  Svo. 
6s. 

Darwin  (Charles). — MEMORIAL  NOTICES  OF  CHARLES 
DARWIN,  F.R.S.,  &c.  By  THOMAS  HENRY  HUXLEY,  P.R.S., 
G.  J.  ROMANES,  F.R.S.,  ARCHIBALD  GEIKIE,  F.R.S.,  and 
W.  T.  THISELTON  DYER,  F.R.S.  Reprinted  from  Nature. 
With  a  Portrait,  engraved  by  C.  H.  JEENS.  Crown  Svo. 
2s.  6d.  (Nature  Series.) 

Flower  (W.  H.) — AN  INTRODUCTION  TO  THE  OSTE- 
OLOGY OF  THE  MAMMALIA.  Being  the  substance  of  the 
Course  of  Lectures  delivered  at  the  Royal  College  of  Surgeons 
of  England  in  1870.  By  Professor  W.  H.  FLOWER,  F.R.S., 
F.R.C.S.  With  numerous  Illustrations.  New  Edition,  enlarged. 
Crown  Svo.  [In  the  press. 

Foster. — Works  by  MICHAEL  FOSTER,  M.D.,  Sec.  R.S.,  Professor 

of  Physiology  in  the  University  of  Cambridge. 
PRIMER    OF    PHYSIOLOGY.       With  numerous   Illustrations. 

New  Edition.     i8mo.     is. 
A  TEXT-BOOK  OF  PHYSIOLOGY.    With  Illustrations.    Fourth 

Edition,  revised.     Svo.     2is. 

Foster  and  Balfour.— THE  ELEMENTS  OF  EMBRY- 
OLOGY. By  MICHAEL  FOSTER,  M.A.,  M.D.,  LL.D.,  Sec.  R.S., 
Professor  of  Physiology  in  the  University  of  Cambridge,  Fellow 
of  Trinity  College,  Cambridge,  and  the  late  FRANCIS  M.  BALFOUR, 
M.A.,  LL.D.,  F.R.S.,  Fellow  of  Trinity  College,  Cambridge, 
and  Professor  of  Animal  Morphology  in  the  University.  Second 
Edition,  revised.  Edited  by  ADAM  SEDGWICK,  M.A.,  Fellow 
and  Assistant  Lecturer  of  Trinity  College,  Cambridge,  and  WALTER 
HEAPE,  Demonstrator  in  the  Morphological  Laboratory  of  the 
University  of  Cambridge.  With  Illustrations.  Crown  Svo .  105.  6J. 

Foster  and  Langley.— A  COURSE  OF  ELEMENTARY 

PRACTICAL  PHYSIOLOGY.  By  Prof.  MICHAEL  FOSTER, 
M.D.,  Sec.  R.S.,  &c.,  and  J.  N.  LANGLEY,  M.A.,  F.R.S.,  Fellow 
of  Trinity  College,  Cambridge.  Fifth  Edition.  Crown  Svo. 
V.  6J. 
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Gamgee. — A  TEXT-BOOK   OF   THE  PHYSIOLOGICAL 

CHEMISTRY  OF  THE  ANIMAL  BODY.  Including  an 
Account  of  the  Chemical  Changes  occurring  in  Disease.  By  A. 
GAMGEE,  M.D.,  F.R.S.,  Professor  of  Physiology  in  the  Victoria 
University  the  Owens  College,  Manchester.  2  Vols.  Svo. 
With  Illustrations.  Vol.1.  iSs.  [  Vol.  II.  in  the  press. 

Gegenbaur.— ELEMENTS  OF  COMPARATIVE  ANATOMY. 
By  Professor  CARL  GEGENBAUR.  A  Translation  by  F.  JEFFREY 
BELL,  B.A.  Revised  with  Preface  by  Professor  E.  RAY  LAN- 
KESTER,  F.R.S.  With  numerous  Illustrations.  Svo.  21  j. 

Gray.— STRUCTURAL  BOTANY,  OR  ORGANOGRAPHY 
ON  THE  BASIS  OF  MORPHOLOGY.  To  which  are  added 
the  principles  of  Taxonomy  and  Phytography,  and  a  Glossary  of 
Botanical  Terms.  By  Professor  ASA  GRAY,  LL.D.  Svo.  los.  6d. 

Hooker. — Works  by  Sir  J.  D.  HOOKER,  K.C.S.I.,  C.B.,  M.D., 

F.R.S.,  D.C.L. 
PRIMER   OF   BOTANY.      With   numerous   Illustrations.      New 

Edition.      l8mo.      is.     (Science  Primers.) 

THE   STUDENT'S   FLORA   OF  THE  BRITISH  ISLANDS. 
Third  Edition,  revised.     Globe  Svo.     los.  6d. 

Howes. — AN  ATLAS  OF  PRACTICAL  ELEMENTARY 
BIOLOGY.  By  G.  B.  HOWES,  Demonstrator  of  Biology, 
Normal  School  of  Science  and  Royal  School  of  Mines,  Lecturer 
in  Comparative  Anatomy,  St.  George's  Hospital  Medical  School, 
London.  With  a  Preface  by  THOMAS  HENRY  HUXLEY,  P.R.S. 
Royal  4to.  14*. 

Huxley.— Works  by  THOMAS  HENRY  HUXLEY,  P.R.S. 
INTRODUCTORY    PRIMER     OF     SCIENCE.       iSmo.       is. 

(Science  Primers.) 
LESSONS  IN  ELEMENTARY  PHYSIOLOGY.  With  numerous 

Illustrations.     New  Edition  Revised.     Fcap.  Svo.     4*.  6d. 
QUESTIONS  ON  HUXLEY'S  PHYSIOLOGY  FOR  SCHOOLS. 
By  T.  ALCOCK,  M.D.     iSmo.     is.  6d. 

Huxley  and  Martin.— A  COURSE  OF  PRACTICAL  IN 

STRUCTION  IN  ELEMENTARY  BIOLOGY.  By  THOMAS 
HENRY  HUXLEY,  P.R.S.,  assisted  by  H.  N.  MARTIN,  M.B., 
D.Sc.  New  Edition,  revised.  Crown  Svo.  6s. 

Kane. — EUROPEAN  BUTTERFLIES,  A  HANDBOOK  OF. 

By  W.  F.  DE  VISMES  KANE,  M.A.,  M.R.I.A.,  Member  of  the 
Entomoligcal  Society  of  London,  &c.  With  Copper  Plate  Illustra- 
tions. Crown  Svo.  los.  6t/. 

Lankester. — Works  by  Professor  E.  RAY  LANKESTER,  F.R.S. 
A  TEXT  BOOK  OF  ZOOLOGY.     Crown  Svo.     [In  preparation. 
DEGENERATION  :    A  CHAPTER  IN  DARWINISM.     Illus- 
trated.    Crown  Svo.     2s.  6d.     (Nature  Series.) 
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LubDOCk. — Works  by  SIR  TOHN  LUBBOCK,  M.P.,  F.R.S.,  D.C.L. 
THE    ORIGIN    AND    METAMORPHOSES     OF    INSECTS. 

With  numerous  Illustrations.     New  Edition.    Crown  8vo.    35.  6d. 

(Nature  Series.) 
ON    BRITISH    WILD    FLOWERS    CONSIDERED    IN   RE- 

LATION  TO  INSECTS.     With  numerous  Illustrations.     New 

Edition.     Crown  Svo.     4.?.  6d.     (Nature  Series). 
FLOWERS,     FRUITS,     AND    LEAVES.       With    Illustrations. 

Crown  Svo.  [In  the  press. 

M'Kendrick. — OUTLINES  OF  PHYSIOLOGY  IN  ITS  RE- 
LATIONS TO  MAN.  By  J.  G.  M'KENDRICK,  M.D.,  F.R.S.E. 
With  Illustrations.  Crown  Svo.  12s.  6d. 

Martin  and  Moale.— ON  THE  DISSECTION  OF  VERTE- 
BRATE ANIMALS.  By  Professor  H.  N.  MARTIN  and  W.  A. 
MOALE.  Crown  Svo.  [/« preparation. 

(See  also  page  41.) 
Mivart. — Works  by   ST.  GEORGE  MIVART,   F.R.S.,   Lecturer  in 

Comparative  Anatomy  at  St.  Mary's  Hospital. 
LESSONS  IN  ELEMENTARY  ANATOMY.     With  upwards  01 

400  Illustrations.     Fcap.  Svo.     6s.  6d. 

THE   COMMON    FROG.     With  numerous  Illustrations.     Crown 
Svo.     3J.  6d.     (Nature  Series. ) 

Muller. — THE  FERTILISATION  OF  FLOWERS.  By  Pro- 
fessor HERMANN  MULLER.  Translated  and  Edited  by  D'ARCY 
W.  THOMPSON,  B.A.,  Scholar  of  Trinity  College,  Cambridge. 
With  a  Preface  by  CHARLES  DARWIN,  F.R.S.  With  numerous 
Illustrations.  Medium  Svo.  2is. 

Oliver. — Works  by   DANIEL  OLIVER,    F.R.S.,  &c.,  Professor  of 

Botany  in  University  College,  London,  &c. 

FIRST  BOOK  OF  INDIAN  BOTANY,      With  numerous  Illus- 
trations.    Extra  fcap.  Svo.     6s.  6d. 

LESSONS    IN    ELEMENTARY   BOTANY.      With  nearly  200 
Illustrations.     New  Edition.     Fcap.  Svo.     4-r.  6d. 

Parker.— A  COURSE  OF  INSTRUCTION  IN  ZOOTOMY 

(VERTEBRATA).  By  T.  JEFFREY  PARKER,  B.Sc.  London, 
Professor  of  Biology  in  the  University  of  Otago,  New  Zealand. 
With  Illustrations.  Crown  Svo.  Ss.  6d. 

Parker  and  Bettany. — THE  MORPHOLOGY  OF  THE 
SKULL.  By  Professor  PARKER  and  G.  T.  BETTANY.  Illus- 
trated. Crown  Svo.  icw.  6d. 

Romanes.— THE  SCIENTIFIC  EVIDENCES  OF  ORGANIC 

EVOLUTION.  By  G.  J.  ROMANES,  M.A.,  LL.D.,  F.R.S. , 
Zoological  Secretary  to  the  Liunean  Society.  Crown  Svo.  2s.  6d. 
(Nature  Series.) 


SCIENCE.  45 

Smith. — Works  by  JOHN  SMITH,  A.L.S.,  &c. 
A  DICTIONARY  OF  ECONOMIC  PLANTS.     Their  History, 

Products,  and  Uses.     8vo.     14^. 

DOMESTIC  BOTANY  :  An  Exposition  of  the  Structure  and 
Classification  of  Plants,  and  their  Uses  for  Food,  Clothing, 
Medicine,  and  Manufacturing  Purposes.  With  Illustrations.  New 
Issue.  Crown  8vo.  12s.  6d. 

Smith  (W.  G.)— DISEASES  OF  FIELD  AND  GARDEN 
CROPS,  CHIEFLY  SUCH  AS  ARE  CAUSED  BY  FUNGI. 
By  WORTHINGTON  G.  SMITH,  F.L.S.,  M.A.I-,  Member  of  the 
Scientific  Committee  R.H.S.  With  143  New  Illustrations  drawn 
and  engraved  from  Nature  by  the  Author.  Fcap.  8vo.  4?.  6d. 

Wiedersheim  (Prof.).— MANUAL  OF  COMPARATIVE 

ANATOMY.     Translated  and  Edited  by  Prof.  W.  N.  PARKER. 
With  Illustrations.     Svo.  \Inpreparation. 

MEDICINE. 

Brunton. — Works  by  T.  LAUDER  BRUNTON,  M.D.,  D.Sc., 
F.R.C.P.,  F.R.S.,  Assistant  Physician  and  Lecturer  on  Materia 
Medica  at  St.  Bartholomew's  Hospital  ;  Examiner  in  Materia 
Medica  in  the  University  of  London,  in  the  Victoria  University, 
and  in  the  Royal  College  of  Physicims,  London ;  late  Examiner 
in  the  University  of  Edinburgh. 

ATEXT-BOOKOFPHARMACOLOGY,  THERAPEUTICS,  AND 
MATERIA  MEDICA.  Adapted  to  the  United  States  Pharma- 
copoeia, by  FRANCIS  H.  WILLIAMS,  M.D.,  Boston,  Mass. 
Medium  Svo.  2i.r. 

TABLES  OF  MATERIA  MEDICA  :  A  Companion  to  the 
Materia  Medica  Museum.  With  Illustrations.  New  Edition 
Enlarged.  Svo.  icw.  6d. 

Hamilton.— A  TEXT-BOOK  OF  PATHOLOGY.  By  D.  J. 
HAMILTON,  Professor  of  Pathological  Anatomy  (Sir  Erasmus 
Wilson  Chair),' University  of  Aberdeen.  Svo.  [In  preparation. 

Klein.— MICRO-ORGANISMS  AND  DISEASE.  An  Intro- 
duction into  the  Study  of  Specific  Micro- Organisms.  By  E. 
KLEIN,  M.D.,  F.R.S.,  Joint  Lecturer  on  General  Anatomy  and 
Physiology  in  the  Medica'l  School  of  St.  Bartholomew's  Hospital, 
London.  With  108  Engravings.  Second  Edition.  Fcap.  Svo.  4^.  6d. 

Ziegler-Macalister. — TEXT-BOOK  OF  PATHOLOGICAL 

ANATOMY  AND  PATHOGENESIS.  By  Professor  ERNST 
ZlEGLER  of  TiiUingen.  Translated  and  Edited  for  English 
Students  by  DONALD  MACALISTER,  M.A.,  M.D.,  B.Sc.,M.R.C.P., 
Fellow  and  Medical  Lecturer  of  St.  Turn's  College,  Cambridge, 


46        MACMILLAN'S  EDUCATIONAL  CATALOGUE. 

Physician  to  Addenbrooke's  Hospital,  and  Teacher  of  Medicine  in 
the  Univer.-ily.  With  numerous  Illustrations.  Medium  8vo. 

Part  I.— GENERAL  PATHOLOGICAL  ANATOMY,     izs.  6d. 

Part  II.— SPECIAL  PATHOLOGICAL  ANATOMY.  Sections 
I.— VIII.  12s.  6d.  Sections  IX.— XVII.  in  the  press. 

ANTHROPOLOGY. 

Flower. — FASHION  IN  DEFORMITY,  as  illustrated  in  the 

Customs  of  Barbarous  and  Civilised  Races.  By  Professor 
FLOWER,  F.R.S.,  F.R.C.S.  With  Illustrations.  Crown  8vo, 
2s.  6J.  (Nature  Series.} 

Tylor. — ANTHROPOLOGY.  An  Introduction  to  the  Study  of 
Man  and  Civilisation.  ByE.  E.  TYLOR,  D.C.L.,  F.R.S.  With 
numerous  Illustrations.  Crown  Svo.  Js.  6d. 

PHYSICAL  GEOGRAPHY  &  GEOLOGY. 

Blanford.— THE  RUDIMENTS  OF  PHYSICAL  GEOGRA- 
PHY FOR  THE  USE  OF  INDIAN  SCHOOLS  ;  with  a 
Glossary  of  Technical  Terms  employed.  By  H.  F.  BLANFORD, 
F.R.S.  New  Edition,  with  Illustrations.  Globe  Svo.  2s.  6d. 
Geikie. — Works  by  ARCHIBALD  GEIKIE,  LL.D.,  F.R.S.,  Director- 
General  of  the  Geological  Survey  of  Great  Britain  and  Ireland,  and 
Director  of  the  Museum  of  Practical  Geology,  London,  formerly 
Murchison  Professor  of  Geology  and  Mineralogy  in  the  University 
of  Edinburgh,  &c. 

PRIMER  OF  PHYSICAL  GEOGRAPHY.  With  numerous 
Illustrations.  New  Edition.  With  Questions.  iSmo.  is. 
(Science  Primers.) 

ELEMENTARY  LESSONS  IN  PHYSICAL  GEOGRAPHY. 
With  numerous  Illustrations.  New  Edition.  Fcap.  Svo.  4?.  6J. 
QUESTIONS  ON  THE  SAME.  is.  6J. 

PRIMER  OF  GEOLOGY.  With  numerous  Illustrations.  New 
Edition.  iSmo.  u.  (Science  Primers.) 

A  MANUAL  OF  GEOLOGY  FOR  THE  USE  OF  STUDENTS. 
With  Illustrations.  Crown  Svo.  [hi  the  press. 

TEXT-BOOK  OF  GEOLOGY.  With  numerous  Illustrations. 
Second  Edition,  Fifth  Thousand,  Revised  and  Enlarged.  Svo.  28^. 

OUTLINES  OF  FIELD  GEOLOGY.     With  Illustrations.     New 

.    Edition.     Extra  fcap.  Svo.     y.  6d. 

Huxley. — PHYSIOGRAPHY.  An  Introduction  to  the  Study 
of  Nature.  By  THOMAS  HENRY  HUXLEY,  P.R.S.  With 
numerous  Illustrations,  and  Coloured  Plates.  New  and  Cheaper 
Edition.  Crown  Svo.  6s. 
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Phillips.— A  TREATISE  ON  ORE  DEPOSITS.  By  J.  ARTHUR 
PHILLIPS,  F.R.S.,  V.P.G.S.,  F.C.S.,  M.Inst.C.E.,  Ancien  Eleve 
del'Ecoledes  Mines,  Paris  ;  Author  of  "A  Manual  of  Metallurgy  " 
"The  Mining  and  Metallurgy  of  Gold  and  Silver,"  &c.  With 
numerous  Illustrations.  8vo.  2$s. 

AGRICULTURE. 

Frankland.— AGRICULTURAL  CHEMICAL  ANALYSIS, 

A  Handbook  of.  By  PERCY  FARADAY  FRANKIAND,  Ph.D., 
B.Sc.,  F.C.S.,  Associate  of  the  Royal  School  of  Mines,  and 
Demonstrator  of  Practic?!  and  Agricultural  Chemistry  in  the 
Normal  School  of  Science  and  Royal  School  of  Mines,  South 
Kensington  Museum.  Founded  upon  Leitfadenfiir  die  Agriculture 
Chemiche  Analyse,  von  Dr.  F.  KROCKER.  Crown  8vo.  "js.  f>d. 

Smith  ( Worth ington  G.). — DISEASES  OF  FIELD  AND 
GARDEN  CROPS,  CHIEFLY  SUCH  AS  ARE  CAUSED  BY 
FUNGI.  By  WORTHINGTON  G.  SMITH,  F.L.S.,  M.A.I., 
Member  of  the  Scientific  Committee  of  the  R.H.S.  With  14^ 
Illustrations,  drawn  and  engraved  from  Nature  by  the  Author. 
Fcap.  8vo.  4s.  6d. 

Tanner. — Works    by     HENRY    TANNER,     F.C.S.,    M.R.A.C., 
Examiner  in  the  Principles  of  Agriculture  under   the  Government 
Department  of  Science  ;  Director  of  Education  in  the  Institute  of 
Agriculture,   Souih  Kensington,  London;   sometime  Piofessor  of 
Agricultural  Science,  University  College,  Aberyshvith. 
ELEMENTARY    LESSONS   IN  THE    SCIENCE   OF  AGRI- 
CULTURAL PRACTICE.     Fcap.  8vo.     y.  6d. 
FIRST  PRINCIPLES  OF  AGRICULTURE.     i8mo.     is. 
THE  PRINCIPLES  OF  AGRICULTURE.    A  Series  of  Reading 
Books  for  use  in    Elementary    Schools.      Prepared  by   HENRY 
TANNER,  F.C.S.,  M.R.A.C.     Extra  fcap.  8vo. 

I.  The  Alphabet  of  the  Principles  of  Agriculture.     6d. 
II.  Further  Steps  in  the  Principles  of  Agriculture,     u. 
III.  Elementary  School  Readings  on  the  Principles  of  Agriculture 
for  the  third  stage,     is. 

POLITICAL  ECONOMY. 

Cossa.— GUIDE  TO  THE  STUDY  OF  POLITICAL 
ECONOMY.  By  Dr.  LUIGI  COSSA,  Professor  in  the  University 
of  Pavia.  Translated  from  the  Second  Italian  Edition.  With  a 
Preface  by  W.  STANLEY  JEVONS,  F.R.S.  Crown  8vo.  4*.  6J. 
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Fawcett  (Mrs.) — Works  by  MILLICENT  GARRETT  FAWCETT:— 
POLITICAL  ECONOMY  FOR  BEGINNERS,  WITH  QUES- 
TIONS.    Fourth  Edition.     iSmo.     2s.  M. 
TALES  IN  POLITICAL  ECONOMY.     Crown  Svo.     y. 

Fawcett. — A  MANUAL  OF  POLITICAL  ECONOMY.    By 

Right  Hon.  HENRY  FAWCETT,  F.R.S.  Sixth  Edition,  revised, 
with  a  chapter  on  "State  Socialism  and  the  Nationalisation 
of  the  Land,"  and  an  Index.  Crown  Svo.  12s. 
Jevons.— PRIMER  OF  POLITICAL  ECONOMY.  By  W. 
STANLEY  JEVONS,  LL.D.,  M.A.,  F.R.S.  New  Edition.  i8mo. 
is.  (S fie  nee  Primers.) 

Marshall. — THE  ECONOMICS  OF  INDUSTRY.     By  A. 

MARSHALL,  M.A.,  Professor  of  Political  Economy  in  the  Uni- 
versity of  Cambridge,  and  MARY  P.  MARSHALL,  late  Lecturer  at 
Newnham  Hall,  Cambridge.  Extra  fcap.  Svo.  2*.  6d. 

Sidgwick. — THE  PRINCIPLES  OF  POLITICAL  ECONOMY. 
By  Professor  HENRY  SIDGWICK,  M.A.,  LL.D.,  Knightbridge 
Professor  of  Moral  Philosophy  in  the  University  of  Cambridge, 
&c.,  Author  of  "The  Methods  of  Ethics."  Svo.  i6j. 

Walker. — POLITICAL  ECONOMY.  By  FRANCIS  A.  WALUEK, 
M.A.,  Ph.D.,  Author  of  "The  Wages  Question,"  "Money," 
"  Money  in  its  Relation  to  Trade,"  &c.  Svo.  lOs.  (>d. 

MENTAL  &  MORAL  PHILOSOPHY. 

Calderwood.— HANDBOOK   OF    MORAL   PHILOSOPHY. 

By  the  Rev.  HENRY  CALDERWOOD,   LL.D.,  Professor  of  Moral 

Philosophy,  University  of  Edinburgh.  New  Edition.   Crown  Svo.  6s. 
Clifford. — SEEING   AND   THINKING.     By  the  late  Professor 

W.  K.  CLIFFORD,  F.R.S.     With  Diagrams.     Crown  Svo.   3*.  6ct. 

(Nature  Series.) 
Jardine.— THE  ELEMENTS    OF    THE   PSYCHOLOGY   OF 

COGNITION.      By  the   Rev.   ROBERT  JARDINE,    B.D.,   D.Sc. 

(Edin.),  Ex-Principal  of  the  General  Assembly's  College,  Calcutta. 

Second  Edition,  revised  and  improved.     Crown  Svo.     6s.  6d. 
Jevons. — Works  by  the  late  W.  STANLEY  JEVONS,  LL.D.,  M.A., 

F  R  S 
PRIMER    OF    LOGIC.     New    Edition.       i8mo.       is.      (Science 

ELEMENTARY  LESSONS  IN  LOGIC  ;  Deductive  and  Induc- 
tive, with  copious  Questions  and  Examples,  and  a  Vocabulary  of 
Logical  Terms.  New  Edition.  Fcap.  Svo.  y.  f>d. 

THE  PRINCIPLES  OF  SCIENCE.  A  Treatise  on  Logic  and 
Scientific  Method.  New  and  Revised  Edition.  Crown  Svo. 

STTIDIES  IN  DEDUCTIVE  LOGIC.  Second  Edition.  Crown 
Svo.  6s. 
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Keynes.— FORMAL  LOGIC,  Studies  and  Exercises  in.  Including 
a  Generalisation  of  Logical  Processes  in  their  application  to 
Complex  Inferences.  By  JOHN  NEVILLE  K^YNES,  M.A.,  late 
Pellow  of  Pembroke  College,  Cambridge.  Crown  8vo.  icw.  6d. 

Ray.— A  TEXT-BOOK  OF  DEDUCTIVE  LOGIC  FOR  THE 
USE  OF  STUDENTS.  By  P.  K.  RAY.  Globe  8vo. 

0.,         .  \_Inthepress. 

SldgWlCk.—  THE  METHODS  OF  ETHICS.  By  Professor 
HENRY  SIDGWICK,  M.A.,  LL.D.  Cambridge,  &c.  Third  Edition. 
8vo.  14*.  A  Supplement  to  the  Second  Edition,  containing  all 
the  important  Additions  and  Alterations  in  the  Third  Edition. 
Demy  8vo.  6s. 
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Arnold  (T.). — THE  SECOND  PUNIC  WAR.    By  THOMAS 

ARNOLD,  D.D.      Edited,  with  Notes,  by  W.  T.  ARNOLD,  M.A. 
With  Maps.     Crown  8vo.  [/«  the  press. 

Arnold  (  W.  T.). — THE  ROMAN  SYSTEM  OF  PROVINCIAL 
ADMINISTRATION  TO  THE  ACCESSION  OFCONSTAN- 
TINE  THE  GREAT.  By  W.  T.  ARNOLD,  M.A.  Crown  8vo.  6s. 

"Ought    to   prove  a  valuable  handbook   to   the  student   of  Roman    history." — 
GUARDIAN. 

Beesly.— STORIES  FROM  THE  HISTORY  OF  ROME. 
By  Mrs.  BEESLY.  Fcap.  8vo.  2s.  6d. 

Brook.— FRENCH  HISTORY  FOR  ENGLISH  CHILDREN. 
By  SARAH  BROOK.  With  Coloured  Maps.  Crown  8vo.  6s. 

Bryce. — THE  HOLY  ROMAN  EMPIRE.  By  JAMES  BRYCE, 
D.C.L.,  Fellow  of  Oriel  College,  and  Regius  Professor  of  Civil  Law 
in  the  University  of  Oxford.  Seventh  Edition.  Crown  8vo.  7*.  6d. 

Buckley. — A  HISTORY  OF  ENGLAND  FOR  BEGINNERS. 
By  ARABELLA  BUCKLEY.  Globe  8vo.  {In  preparation. 

Clarke. — CLASS-BOOK  OF  GEOGRAPHY.  By  C.  B.  CLARKE, 
M.A.,  F.L.S.,  F.G.S.,  F.R.S.  New  Edition,  with  Eighteen 
Coloured  Maps.  Fcap.  8vo.  3.?. 

Freeman. — OLD  ENGLISH  HISTORY.  By  EDWARD  A. 
FREEMAN,  D.C.L.,  LL.D.,  Regius  Professor  of  Modern  History 
in  the  University  of  Oxford,  &c.  With  Five  Coloured  Maps. 
New  Edition.  Extra  fcap.  8vo.  6s. 

A  SCHOOL  HISTOR  V  OF  ROME.     By  the  same  author.     Crown 
gvo.  [/« preparation. 
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Green.  —  Works    by    JOHN   RICHARD   GREEN,    M.A.,    LL.D., 

late  Honorary  Fello\v  of  Jesus  College,  Oxford. 
SHORT    HISTORY    OF    THE   ENGLISH  PEOPLE.      With 
Coloured  Maps,  Genealogical  Tables,  and  Chronological  Annals. 
Crown  8vo.     Ss.  6d.     noth  Thousand. 

"  Stands  alone  as  the  one  general  history  of  the  country,  for  the  sake  of  which 
all  others,  if  young  and  old  are  wise,  will  be  speedily  and  surely  set  aside." — 
ACADEMY. 

ANALYSIS  OF  ENGLISH  HISTORY,  based  on  Green's  "Short 
History  of  the  English  People."  By  C.  W.  A.  TAIT,  M.A., 
Assistant-Master,  Clifton  College.  Crown  8vo.  3-f.  6d. 
READINGS  FROM  ENGLISH  HISTORY.  Selected  and 
Edited  by  JOHN  RICHARD  GREEN.  Three  Parts.  Globe  8vo. 
is.  6</.  each.  I.  Hengist  to  Cressy.  II.  Cressy  to  Cromwell. 
III.  Cromwell  to  Balaklava. 

Green.  —  A  SHORT  GEOGRAPHY  OF  THE  BRITISH 
ISLANDS.  By  JOHN  RICHARD  GREEN  and  ALICE  STOPKOKD 
GREEN.  With  Maps.  Fcap.  8vo.  3-r.  6d. 

Grove. — A  PRIMER  OF  GEOGRAPHY.  By  Sir  GEORGE 
GROVE,  D.C.L.,  F.R.G.S.  With  Illustrations.  i8mo.  is. 
(Science  Primers.) 

Guest. — LECTURES    ON    THE  HISTORY  OF   ENGLAND. 

By  M.  J.  GUEST.     With  Maps.     Crown  8vo.     6s. 
Historical  Course  for  Schools — Edited  by  EDWARD  A. 

FREEMAN,  D.C.L.,  LL.D.,  late  Fellow  of  Trinity  College,  Oxford, 

Regius  Professor  of  Modern  History  in  the  University  of  Oxford. 
I.— GENERAL  SKETCH  OF   EUROPEAN    HISTORY.      By 

EDWARD    A.    FREEMAN,    D.C.L.     New   Edition,   revised   and 

enlarged,  with  Chronological  Table,  Maps,  and  Index.  iSrno.  y.  f>d. 
II.— HISTORY  OF  ENGLAND.     By  EDITH  THOMPSON.     New 

Ed.,  revised  and  enlarged,  with  Coloured  Maps.     i8mo.     2s.  6d. 
III.— HISTORY  OF  SCOTLAND.    By  MARGARET  MACARTHUR. 

New  Edition.     i8mo.     2s. 
IV.— HISTORY  OF  ITALY.     By  the  Rev.    W.    HUNT,    M.A. 

New  Edition,  with  Coloured  Maps.      i8mo.     y.  6d. 
V.— HISTORY  OF  GERMANY.      By   J.    SIME,    M.A.      New 

Edition  Revised.     l8mo.     y. 
VI.— HISTORY  OF  AMERICA.     By  JOHN  A.  DOYLE.     With 

Maps.     i8mo.     41.  6d. 
VII.— EUROPEAN  COLONIES.     By  E.  J.  PAYNE,  M.A.     With 

Maps.     i8mo.     4*.  6d. 
VIII.— FRANCE.      By  CHARLOTTE  M.  YONGE.       With    Maps. 

i8mo.     3*.  &/. 

GREECE.     By  EDWARD  A.  FREEMAN,  D.C.L.      [In preparation. 
HOME.     By  EDWARD  A.  FREEMAN,  D.C.L.  [/«  preparation. 
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History  Primers— Edited  by  JOHN  RICHARD  GREEN,  M.A., 

LL.D.,  Author  of  "A  Short  History  of  the  English  People." 
ROME.     By  the  Rev.  M.  CREIGHTON,  M.A.,  Dixie  Professor  of 

Ecclesiastical   History   in   the  University   of    Cambridge.      With 

Eleven  Maps.     i8mo.   U. 
GREECE.     By  C.   A.    FYFFE,    M.A.,    Fellow  and  late  Tutor  of 

University  College,  Oxford.    With  Five  Maps.     i8mo.     is. 
EUROPEAN  HISTORY.      By  E.  A.  FREEMAN,  D.C.L.,  LL.D. 

With  Maps.     i8mo.     is. 
GREEK  ANTIQUITIES.     By  the  Rev.  J.  P.  MAHAFFY,  M.A. 

Illustrated.     i8mo.     u. 

CLASSICAL  GEOGRAPHY.    By  H.  F.  TOZER,  M.A.  i8mo.   is. 
GEOGRAPHY.     By  Sir  G.  GROVE,  D.C.L.     Maps.     i8mo.     }s. 
ROMAN     ANTIQUITIES.        By    Professor    WILKINS.        Illus- 
trated.    i8mo.     is. 

FRANCE.     By  CHARLOTTE  M.  YONGE.     i8mo.     u. 
Hole. — A  GENEALOGICAL  STEMMA  OF  THE  KINGS  OF 

ENGLAND   AND   FRANCE.     By  the   Rev.    C.    HOLE.     On 

Sheet,     is. 
Jennings. — CHRONOLOGICAL  TABLES.     Compiled  by  Rev. 

A.  C.  JENNINGS.  [/« the  press. 

Kiepert — A  MANUAL  OF  ANCIENT  GEOGRAPHY.    From 

the  German  of   Dr.  H.  KIEPERT.     Crown  8vo.     $s. 

Lethbridge. — A  SHORT  MANUAL  OF  THE  HISTORY  OF 

INDIA.  With  an  Account  of  INDIA  AS  IT  is.  The  Soil, 
Climate,  and  Productions ;  the  People,  their  Races,  Religions, 
Public  Works,  and  Industries  ;  the  Civil  Services,  and  System  of 
Administration.  By  Sir  ROPER  LETHBRIDGE,  M.A.,  C.1.E-,  late 
Scholar  of  Exeter  College,  Oxford,  formerly  Principal  of  Kishnaghur 
College,  Bengal,  Fellow  and  sometime  Examiner  of  the  Calcutta 
University.  With  Maps.  Crown  8vo.  $s. 

Michelet. — A  SUMMARY  OF  MODERN  HISTORY.  Trans- 
lated from  the  French  of  M.  MICHELET,  and  continued  to  the 
Present  Time,  by  M.  C.  M.  SIMPSON.  Globe  8vo.  45.  €>d. 

Otte". — SCANDINAVIAN  HISTORY.   By  E.  c.  OTTE.    with 

Maps.     Globe  8vo.     6s. 

Ramsay. — A  SCHOOL  HISTORY  OF  ROME.    By  G.  G. 

RAMSAY,  M.A.,  Professor  of  Humanity  in  the  University  of 
Glasgow.  With  Maps.  Crown  8vo.  {In  preparation. 

Tait.— ANALYSIS  OF  ENGLISH  HISTORY,  based  on  Green's 
"Short  History  of  the  English  People."  By  C.  W.  A.  TAIT, 
M.A.,  Assistant-Master,  Clifton  College.  Crown  8vo.  3;.  6d. 

Wheeler. — A  SHORT  HISTORY  OF  INDIA  AND  OF  THE 
FRONTIER  STATES  OF  AFGHANISTAN,  NEPAUL, 
AND  BURMA.  By  J.  TALBOYS  WHEELER.  With  Maps. 
Crown  8vo.  I2j. 
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Yonge  (Cnarlotte   M.). —  CAMEOS    FROM    ENGLISH 

HISTORY.— FROM    ROLLO    TO    EDWARD    II.      By    the 

Author  of    "The   Heir  of  Redclyffe,"   Extra  fcap.    8vo.     New 

Edition.     S.T. 
A     SECOND     SERIES     OF    CAMEOS     FROM     ENGLISH 

HISTORY.  —  THE    WARS   IN   FRANCE.      New    Edition. 

Extra  fcap.  8vo.     5_r. 
A  THIRD  SERIES  OF  CAMEOS  FROM  ENGLISH  HISTORY. 

—THE  WARS  OF  THE  ROSES.     New  Edition.     Extra  fcap. 

8vo.     $s. 
CAMEOS  FROM  ENGLISH  HISTORY— A  FOURTH  SERIES. 

REFORMATION  TIMES.     Extra  fcap.  8vo.     5^. 
CAMEOS  FROM  ENGLISH  HISTORY.— A  FIFTH  SERIES. 

ENGLAND  AND  SPAIN.     Extra  fcap.  8vo.     5*. 
EUROPEAN  HISTORY.      Narrated    in   a    Series  of   Historical 

Selections  from  the  Best  Authorities.      Edited   and  arranged  by 

E.  M.   SEWELL  and  C.  M.  YONGE.     First  Series,    1003—1154. 

New  Edition.      Crown  8vo.     dr.      Second  Series,    1088—1228. 

New  Edition.     Crown  8vo.     dr. 


MODERN    LANGUAGES    AND 
LITERATURE. 

(i)  English,  (2)  French,  (3)  German,  (4)  Modern 
Greek,  (5)  Italian. 

ENGLISH. 

Abbott.— A  SHAKESPEARIAN  GRAMMAR.  An  attempt  to 
illustrate  some  of  the  Differences  between  Elizabethan  and  Modem 
English.  By  the  Rev.  E.  A.  ABBOTT,  D.D.,  Head  Master  of  the 
City  of  London  School.  New  Edition.  Extra  fcap.  8vo.  6s. 

Brooke. — PRIMER  OF  ENGLISH  LITERATURE.    By  the 

Rev.    STOPFORD  A.    BROOKE,    M.A.      i8mo.      is.      (Literature 
Primers.) 

Butler. — HUDIBRAS.  Edited,  with  Irtroduction  and  Notes,  by 
ALFRED  MILNES,  M.A.  Lon.,  late  Student  of  Lincoln  College, 
Oxford.  Extra  fcap  8vo.  Part  I.  3*.  6rf.  Parts  II.  and  III. 


MODERN  LANGUAGES  AND  LITERATURE.  53 

Cowper's  TASK-.  AN  EPISTLE  TO  JOSEPH  HILL,  ESQ  • 

TIROCINIUM,  or  a  Review  of  the  Schools;  and  THE  HIS- 
TORY OF  JOHN  GILPIN.  Edited,  with  Notes,  by  WILLIAM 
BENHAM,  B.D.  Globe  8vo.  is.  (Globe  Readings  from  Standard 
Authors.} 

Dowden.— SHAKESPEARE.  By  Professor  DOWDEN.  i8mo. 
\s.  (Literature  Primers.) 

Dryden. — SELECT  PROSE  WORKS.  Edited,  with  Introduction 
and  Notes,  by  Professor  C.  D.  YONGE.  Fcap.  8vo.  zs.  6d. 

Gladstone.— SPELLING  REFORM  FROM  AN  EDUCA- 
TIONAL POINT  OF  VIEW.  By  J.  H.  GLADSTONE,  Ph.D., 
F.R.S.,  Member  of  the  School  Board  for  London.  New  Edition. 
Crown  8vo.  is.  dd. 

Globe  Readers.  For  Standards  I.— VI.  Edited  by  A.  F. 
MURISON.  Sometime  English  Master  at  the  Aberdeen  Grammar 
School.  With  Illustrations.  Globe  8vo. 


Primer  I.    (48  pp.)  $d. 

Primer II.    (48  pp.)  $d. 

Book      I.    (96  pp.)  (>d. 

Book    II.  (136  pp.)  9</. 


Book  III.  (232  pp.)  is.  $d. . 
Book  IV.  (328  pp.)  is.  9d. 
Book    V.  (416  pp.)  zs. 
Book  VI.  (448  pp.)  zs.  6d. 


"  Among  the  numerous  sets  of  readers  before  the  public  the 
honourably  distinguished  by  the  marked  superiority  of  its  materials  and  the 
careful  ability  with  which  they  have  been  adapted  to  the  growing  capacity  of  the 
pupils.  The  plan  of  the  two  primers  is  excellent  for  facilitating  the  child's  first 
attempts  to  read.  In  the  first  three  following  books  there  is  abundance  of  enter- 
taining reading.  .  .  .  ,  Better  food  for  young  minds  could  hardly  be  found."— 
THE  ATHENAEUM. 

*The  Shorter  Globe  Readers. — with  illustrations.  Globe 

8vo. 


Primer  I.  (48  pp.)  3^- 
Primer  II.  (48  PP.)  3^. 
Standard  I.  (92  pp.)  f>d. 
Standard  II.  (124  pp.)  gd. 


Standard  III.  (178  PP-)  is. 
Standard  IV.  (182  pp.)  is. 
Standard  V.  (216  pp.)  u. 
Standard  VI.  (228  pp.)  I*. 


*  This  Series  has  been  abridged  from  "The  Globe  Readers"  to  meet  the  demand 
for  smaller  reading  books. 

GLOBE     READINGS     FROM     STANDARD    AUTHORS. 

Cowper's  TASK:  AN  EPISTLE  TO  JOSEPH  HILL,  ESQ.; 
TIROCINIUM,  or  a  Review  of  the  Schools  ;  and  THE  HIS- 
TORY OF  JOHN  GILPIN.  Edited,  with  Notes,  by  WILLIAM 
BENHAM,  B.D.  Globe  8vo.  is. 

Goldsmith's  VICAR  OF  WAKEFIELD.  With  a  Memoir  of 
Goldsmith  by  Professor  MASSON.  Globe  8vo.  is. 

Lamb's  (Charles)  TALES  FROM  SHAKESPEARE 
Edited,  with  Preface,  by  ALFRED  AINGER,  M.A.  Globe 
8vo.  zs. 
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Scott's  (Sir  Walter)  LAY  OF  THE  LAST  MINSTREL-, 

and  THE  LADY  OF  THE  LAKE.      Edited,  with  Introductions 
and  Notes,  by  FRANCIS  TURNER  PALGRAVE.     Globe  8vo.     is. 
MARMION  ;   and  the  LORD  OF  THE  ISLES.      By  the  same 
Editor.     Globe  8vo.     is. 

The  Children's    Garland  from  the   Best  Poets. — 

Selected  and  arranged  by  COVENTRY  PATMORE.     Globe  Svo.     2s. 

Yonge  (Charlotte  M.). — A  BOOK  OF  GOLDEN  DEEDS 

OF  ALL  TIMES  AND  ALL  COUNTRIES.  Gathered  and 
narrated  anew  by  CHARLOTTE  M.  YONGE,  the  Author  of  "The 
Heir  of  Redclyffe."  Globe  Svo.  2s. 


Goldsmith. — THE  TRAVELLER,  or  a  Prospect  of  Society ; 

and  THE  DESERTED  VILLAGE.  By  OLIVER  GOLDSMITH. 
With  Notes,  Philological  and  Explanatory,  by  J.  W.  HALES,  M.A. 
Crown  Svo.  6d. 

THE  VICAR  OF  WAKEFIELD.     With  a  Memoir  of  Goldsmith 
by   Professor   MASSON.     Globe  Svo.     is.     (Globe  Readings  from 
Standard  Authors.) 
SELECT   ESSAYS.      Edited,    with   Introduction   and    Notes,    by 

Professor  C.  D.  YONGE.     Fcap.  Svo.     2s.  6d. 

Hales. — LONGER  ENGLISH  POEMS,  with  Notes,  Philological 
and  Explanatory,  and  an  Introduction  on  the  Teaching  of  English. 
Chiefly  for  Use  in  Schools.  Edited  by  J.  W.  HALES,  M.A., 
Professor  of  English  Literature  at  King's  College,  London.  New 
Edition.  Extra  fcap.  Svo.  4s.  6d. 

Johnson's  LIVES  OF  THE  POETS.  The  Six  Chief  Lives 
(Milton,  Dryden,  Swift,  Addison,  Pope,  Gray),  with  Macaulay's 
"  Life  of  Johnson."  Edited  with  Preface  by  MATTHEW  ARNOLD. 
Crown  Svo.  6s. 

Lamb  (Charles). — TALES  FROM  SHAKESPEARE.  Edited, 
with  Preface,  by  ALFRED  AINGER,  M.A.  Globe  Svo.  2s. 
(Globe  Readings  from  Standard  Authors.) 

Literature    Primers — Edited  by   JOHN   RICHARD   GREEN, 
M.  A.,  LL.D.,  Author  of  "  A  Short  History  of  the  English  People." 
ENGLISH  COMPOSITION.     By  Professor  NICHOL.     iSmo.     is. 
ENGLISH  GRAMMAR.     By  the  Rev.  R.  MORRIS,  LL.D.,  some- 
time President  of  the  Philological  Society.     iSmo.     is. 
ENGLISH  GRAMMAR  EXERCISES.      By  R.  MORRIS,  LL.D., 

and  H.  C.  BOWEN,  M.A.     iSmo.     is. 

EXERCISES  ON  MORRIS'S  PRIMER  OF  ENGLISH 
GRAMMAR.  By  JOHN  WETHERELL,  of  the  Middle  School, 
Liverpool  College.  iSnio.  is. 

ENGLISH  LITERATURE.  By  STOPFORD  BROOKE,  M.A.  New 
Edition.  iSmo.  is. 
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Literature  Primers — (continued}— 
SHAKSPERE.     By  Professor  DOWDEN.     i8mo.     u. 
THE   CHILDREN'S   TREASURY   OF   LYRICAL  POETRY. 
Selected  and  arranged  with  Notes   by  FRANCIS  TURNER   PAL- 
GRAVE.     In  Two  Parts.     i8mo.     is.  each 
PHILOLOGY.     By  J.  PEILE,  M.A.     i8mo.     u. 
Macmillan's  Reading  Books. — Adapted  to  the  English  and 
Scotch  Codes.     Bound  in  Cloth. 
PRIMER.     i8mo.     (48  pp.)     2</. 
BOOK 


I.  for 
II. 
III. 
IV. 
V. 
VI. 

Standard 
I   f~~  ~u:™u 

I. 
II. 
III. 

IV. 
V. 
VI. 

/-M, 

i8mo.       (96  pp.)    4.J. 
i8mo.     (144  pp.)     $d. 
i8mo.     (160  pp.)     6d. 
l8mo.     (176  pp.)     8^. 
l8mo.     (380  pp.)     is. 
Crown  8vo.     (430  pp.) 

2S. 

Book  VI.  is  fitted  for  higher  Classes,  and  as  an  Introduction  to 
English  Literature. 

"  They  are  far  above  any  others  that  have  appeared  both  in  form  and  substance. 
.  .  .  The  editor  of  the  present  series  has  rightly  seen  that  reading  books  mutt 
aim  chiefly  at  giving  to  the  pupils  the  power  of  accurate,  and,  if  possible,  apt 
and  skilful  expression;  at  cultivating  in  them  a  good  literary  taste,  and  at  arous- 
ing a  desire  of  further  reading.'  This  is  done  by  taking  care  to  select  the  extracts 
from  true  English  classics,  going  up  in  Standard  VI.  course  to  Chaucer,  Hooker,  and 
Bac  >n,  as  well  as  Wordsworth,  Macaulay,  and  Froude.  .  .  .  This  is  quite  on  the 
right  track,  and  indicates  justly  the  ideal  which  we  ought  to  set  before  us." — 
GUARDIAN. 

Macmillan's   Copy-Books — 

Published  in  two  sizes,  viz.  : — 

1.  Large  Post  4to.     Price  qd.  each. 

2.  Post  Oblong.     Price  zd.  each. 

1.  INITIATORY  EXERCISES  AND  SHORT  LETTERS. 

2.  WORDS  CONSISTING  OF  SHORT  LETTERS. 

•3.  LONG   LETTERS.      With  words  containing  Long  Letters- 
Figures. 

*4.  WORDS  CONTAINING  LONG  LETTERS. 
4a.  PRACTISING  AND  REVISING  COPY-BOOK.     For  Nos. 
i  to  4. 

•5.  CAPITALS  AND  SHORT  HALF-TEXT.     Words  beginning 
with  a  Capital. 

*6.  HALF-TEXT  WORDS  beginning  with  Capitals— Figures. 
•7.  SMALL-HAND    AND    HALF-TEXT.      With  Capitals  and 

*8°  SMALL-HAND    AND    HALF-TEXT.      With  Capitals  and 

Figures. 

8a.  PRACTISING  AND  REVISING  COPY-BOOK.     For  Nos. 

5  to  8. 

•9.  SMALL-HAND  SINGLE  HEADLINES— Figures. 
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Macmillan's  Copy- Books  Continued— 

10.  SMALL-HAND  SINGLE  HEADLINES— Figures. 

11.  SMALL-HAND  DOUBLE  HEADLINES— Figures. 

12.  COMMERCIAL  AND  ARITHMETICAL  EXAMPLES,  &c. 
i2a.  PRACTISING  AND  REVISING  COPY-BOOK.     For  Nos. 
8  to  12. 

*  These  numbers  may  be  kad  -with  Goodmatis  Patent  Sliding 

Copies.     Large  Post  410.     Price  6d.  each. 

Martin. — THE  POET'S  HOUR  :  Poetry  selected  and  arranged 
for  Children.  By  FRANCES  MARTIN,  New  Edition.  i8mo. 
2s.  6d. 

SPRING-TIME   WITH   THE   POETS:    Poetry   selected  by 
FRANCES  MARTIN.     New  Edition.     iSmo.     3*.  6d. 
Milton. — By   STOPFORD   BROOKE,    M.A.      Fcap.    8vo.      is.   6d. 

(Classical  Writers  Serifs.) 

Morris. — Works  by  the  Rev.  R.  MORRIS,  LL.D. 
HISTORICAL    OUTLINES    OF    ENGLISH     ACCIDENCE, 
comprising  Chapters   on  the  History   and    Development   of   the 
Language,  and  on  Word-formation.      New  Edition.      Extra  fcap. 
8vo.     6s. 

ELEMENTARY  LESSONS  IN  HISTORICAL  ENGLISH 
GRAMMAR,  containing  Accidence  and  Word- formation.  New 
Edition.  i8mo.  2s.  6d. 

PRIMER  OF  ENGLISH  GRAMMAR.  iSmo.  it.  (See  also 
literature  Primers.) 

Oliphant. — THE  OLD  AND  MIDDLE  ENGLISH.    A  New 

Edition  of  "THE  SOURCES  OF  STANDARD  ENGLISH," 
revised  and  greatly  enlarged.  By  T.  L.  KINGTON  OLIPHANT. 
Extra  fcap.  8vo.  9*. 

THE    NEW    ENGLISH.      By    the   same   author.      Globe  8vo. 

[In  the  press. 

Palgrave. — THE  CHILDREN'S  TREASURY  OF  LYRICAL 

POETRY.  Selected  and  arranged,  with  Notes,  by  FRANCIS 
TURNER  PALGRAVE.  iSmo.  2j.  6</.  Also  in  Two  Parts. 
iSmo.  u.  each. 

Patmore. — THE  CHILDREN'S  GARLAND   FROM  THE 

BEST  POETS.  Selected  and  arranged  by  COVENTRY  PATMORE. 
Globe  8vo.  2s.  (Globe  Readings  from  Standard  Authors.) 

Plutarch. — Being  a  Selection  from  the  Lives  which  Illustrate 
Shakespeare.  North's  Translation.  Edited,  with  Introductions, 
Note?,  Index  of  Names,  and  Glossarial  Index,  by  the  Rev.  W. 
W.  SKEAT,  M.A.  Crown  8vo.  6j. 
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Scott's   (Sir  Walter)  LAY  OF  THE  LAST  MINSTREL, 

and  THE  LADY  OF  THE  LAKE.    Edited,  with  Introduction 
and  Notes,  by  FRANCIS  TURNER  PALGRAVE.     Globe  8vo.     is. 
(Globe  Readings  from  Standard  Authors.) 

MARMION ;  and  THE  LORD  OF  THE  ISLES.  By  the 
same  Editor.  Globe  8vo.  is.  (Globe  Readings  from  Standard 
Authors.) 

Shakespeare.— A  SHAKESPEARE  MANUAL.    By  F.  G. 

FLEAY,  M.A.,  late  Head  Master  of  Skipton  Grammar  School. 
Second  Edition.  Extra  fcap.  8vo.  4?.  6d. 

PRIMER  OF  SHAKESPEARE.  By  Professor  DOWDEN. 
iSino.  is.  (Literature  Ptimers.) 

Sonnenschein  and  Meiklejohn.  —  THE  ENGLISH 
METHOD  OF  TEACHING  TO  READ.  By  A.  SONNEN- 
SCHEIN and  J.  M.  D.  MEIKLEJOHN,  M.A.  Fcap.  8vo. 

COMPRISING  : 

THE  NURSERY  BOOK,  containing  all  the  Two-Letter  Words 
in  the  Language,  id.  (Also  in  Large  Type  on  Sheets  for 
School  Walls.  5^.) 

THE  FIRST  COURSE,  consisting  of  Short  Vowels  with  Single 
Consonants.  6d. 

THE  SECOND  COURSE,  with  Combinations  and  Bridges, 
consisting  of  Short  Vowels  with  Double  Consonants.  6d. 

THE  THIRD  AND  FOURTH  COURSES,  consisting  of  Long 

Vowels,  and  all  the  Double  Vowels  in  the  Language,     dd. 
"These  are  admirable  books,  because  they  are  constructed  on  a  principle,  and 
that  the   simplest  principle  on  which   it  is  possible   to  learn  to  read  English." — 
SPECTATOR. 

Taylor. — WORDS  AND  PLACES;  or,  Etymological  Illustra- 
tions of  History,  Ethnology,  and  Geography.  By  the  Rev. 
ISAAC  TAYLOR,  M.A.  Third  and  Cheaper  Edition,  revised  and 
compressed.  With  Maps.  Globe  8vo.  6s. 

Tennyson. — The  COLLECTED  WORKS  of  ALFRED,  LORD 
TENNYSON,  Poet  Laureate.  An  Edition  for  Schools.  In  Four 
Parts.  Crown  8vo.  2s.  6d.  each. 

Thring.— THE  ELEMENTS  OF  GRAMMAR  TAUGHT  IN 
ENGLISH.  By  EDWARD  THRING,  M.A.,  Head  Master  of 
Uppingham.  Wiih  Questions.  Fourth  Edition.  i8mo.  zs. 
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Trench. — Works  by  RICHARD  CHENEVIX  TRENCH,  D.D. 

HOUSEHOLD  BOOK  OF  ENGLISH  POETRY,  Selected  and 

Arranged,  with  Notes.     Third  Edition.    Extra  fcap.  8vo.    $s.  6d. 

ON  THE  STUDY   OF  WORDS.     Eighteenth   Edition,  revised. 

ENGLISH,' PAS'T  AND  PRESENT.     Eleventh  Edition,  revised 

and  improved.     Fcap  8vo.     $s. 
A  SELECT  GLOSSARY  OF  ENGLISH  WORDS,  used  formerly 

in   Senses  Different  from  their  Present.     Fifth  Edition,   revised 

and  enlarged.     Fcap.  8vo.     5*. 

Vaughan  (C.M.). — WORDS  FROM  THE  POETS.  By 
C.  M.  VAUGHAN.  New  Edition.  i8mo,  cloth,  u. 

Ward. — THE  ENGLISH  POETS.  Selections,  with  Critical 
Introductions  by  various  Writers  and  a  General  Introduction  by 
MATTHEW  ARNOLD.  Edited  by  T.  H.  WARD,  M.A.  4  Vols. 
Vol.  I.  CHAUCER  TO  DONNE.— Vol.  II.  BEN  JONSON 
TO  DRYDEN.— Vol.  III.  ADDISON  TO  BLAKE.— Vol.  IV. 
WORDSWORTH  TO  ROSSETTI.  Crown  8vo.  Each  ^s.  6d. 

Wetherell. — EXERCISES  ON  MORRIS'S  PRIMER  OF 
ENGLISH  GRAMMAR.  By  JOHN  WETHERELL,  M.A. 
iSmo.  IJ.  (Literature  Primers.) 

Wrightson. — THE  FUNCTIONAL  ELEMENTS  OF  AN 

ENGLISH  SENTENCE,  an  Examination  of.  Together  with 
a  New  System  of  Analytical  Marks.  By  the  Rev.  W.  G. 
WRIGHTSON,  M.A.,  Cantab.  Crown  8vo.  5-r. 

Yonge  (Charlotte  M.). — THE    ABRIDGED   BOOK  -OF 

GOLDEN  DEEDS.  A  Reading  Book  for  Schools  and  general 
readers.  By  the  Author  of  "The  Heir  of  Redclyffe."  iSmo, 
cloth,  is. 

GLOBE  READINGS  EDITION.  Complete  Edition.  Globe 
8vo.  2s.  (See  p.  53.) 


FRENCH. 
Beaumarchais. — LE  BARBIER  DE    SEVILLE.     Edited, 

with  Introduction  and  Notes,  by  L.  P.  BLOUET,  Assistant  Master 
in  St.  Paul's  School.     Fcap.  8vo.     3*.  6d. 

Bowen.— FIRST  LESSONS  IN  FRENCH.  By  H.  Cot'R- 
THOPE  BOWEN,  M.A.,  Principal  of  the  Fin^ury  Training  College 
for  Higher  and  Middle  Schools.  Extra  fcap.  8vo.  is. 
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Breymann. — Works  by  HERMANN  BREYMANN,  Ph.D.,  Pro- 
fessor  of  Philology  in  the  University  of  Munich. 

A     FRENCH    GRAMMAR    BASED     ON     PHILOLOGICAL 

PRINCIPLES.     Second  Edition.     Extra  fcap.  8vo.     4*.  6d. 
FIRST  FRENCH  EXERCISE  BOOK.     Extra  fcap.  8vo.    4,.  &/. 
SECOND  FRENCH  EXERCISE  BOOK.  Extra  fcap.  8vo.  zs.  6d. 

Fasnacht. — THE  ORGANIC  METHOD   OF  STUDYING 

LANGUAGES.  By  G.  EUGENE  FASNACHT,  Author  of  "  Mac- 
millan's  Progressive  French  Course,"  Editor  of  "  Macmillan's 
Foreign  School  Classics,"  &c.  Extra  fcap.  8vo.  I.  French. 
y.  6d. 

Fasnacht.— A  SYNTHETIC  FRENCH  GRAMMAR  FOR 
SCHOOLS.  By  the  same  Author.  Crown  8vo.  y.  6d. 

GRAMMAR  AND  GLOSSARY  OF  THE  FRENCH  LAN- 
GUAGE  OF  THE  SEVENTEENTH  CENTURY.  By  the 
same  Author.  Crown  8vo.  \_Inpreparation. 

Macmillan's  Primary  Series  of  French  and 
German  Reading  Books. — Edited  by  G.  EUGENE 
FASNACHT,  Assistant-Master  in  Westminster  School.  With 
Illustrations.  Globe  8vo. 

DE  MAISTRE— LA  JEUNE  SIBERIENNE  ET  LE  LEPREUX 
DE  LA  CITE  D'AOSTE.  Edited,  with  Introduction,  Notes, 
and  Vocabulary.  By  STEPHANE  BARLET,  B.  Sc.  Univ.  Gall,  and 
London ;  Assistant-Master  at  the  Mercers'  School,  Examiner  to 
the  College  of  Preceptors,  the  Royal  Naval  College,  &c.  is.  6d. 

GRIMM— KINDER  UNO  HAUSMARCHEN.  Selected  and 
Edited,  with  Notes,  and  Vocabulary,  by  G.  E.  FASNACHT.  zs. 

HAUFF.— DIE  KARAVANE.  Edited,  with  Introduction,  Notes, 
and  Vocabulary,  by  HERMAN  HAGER,  Ph.D.  Lecturer  in  the 
Owens  College,  Manchester.  Globe  8vo.  [/«  the  press. 

LA  FONTAINE— A  SELECTION  OF  FABLES.  Edited,  with 
Introduction,  Notes,  and  Vocabulary,  by  L.  M.  MORIARTY,  B.A., 
late  Assistant -Master  in  Rossall  School,  zs. 

PERRAULT— CONTES  DE  FEES.  Edited,  with  Introduction, 
Notes,  and  Vocabulary,  by  G.  E.  FASNACHT.  is. 

G.  SCHWAB— ODYSSEUS.  With  Introduction,  Notes,  and 
Vocabulary,  by  the  same  Editor.  [In  preparation. 
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Macmillan's    Progressive    French    Course. — By  G. 

EUGENE  FASNACHT,  Assistant-Master  in  Westminster  School. 
I. — FIRST   YEAR,    containing    Easy   Lessons     on    the    Regular 

Accidence.     Extra  fcap.  8vo.     is. 
II. — SECOND  YEAR,    containing   an   Elementary  Grammar  with 

copious  Exercises,  Notes,  and  Vocabularies.     A  new  Edition, 

enlarged  and  thoroughly  revised.     Extra  fcap.  8vo.     2s. 
III. — THIRD  YEAR,  containing  a  Systematic  Syntax,  and  Lessons 

in  Composition.     Extra  fcap.  8vo.     2s.  6d. 

THE  TEACHER'S  COMPANION  TO  MACMILLAN'S 
PROGRESSIVE  FRENCH  COURSE.  With  Copious  Notes, 
Hints  for  Different  Renderings,  Synonyms,  Philological  Remarks, 
&c.  By  G.  E.  FASNACHT.  Globe  8vo.  Second  Year  $s-  6d. 
Third  Year  4*.  6d. 

Macmillan's    Progressive     French     Readers.     By 

G.  EUGENE  FASNACHT. 

I. — FIRST  YEAR,  containing  Fables,  Historical  Extracts,  Letters, 
Dialogues,  Fables,  Ballads,  Nursery  Songs,  &c.,  with  Two 
Vocabularies:  (i)  in  the  order  of  subjects;  (2)  in  alphabetical 
order.  Extra  fcap.  8vo.  2s.  dd. 

II. — SECOND  YEAR,  containing  Fiction  in  Prose  and  Verse, 
Historical  and  Descriptive  Extracts,  Essays,  Letters,  Dialogues, 
&c.  Extra  fcap.  8vo.  zs.  6d. 

Macmillan's  Foreign  School  Classics.     Edited  by  G. 
EUGENE  FASNACHT.     i8mo. 

FRENCH. 

CORNEILLE— LE  CID.    Edited  by  G.  E.  FASNACHT.    is. 
DUMAS— LES    DEMOISELLES    DE    ST.  CYR.      Edited  by 
VICTOR  OGER,  Lecturer  in  University  College,  Liverpool. 

[///  the  press. 

LA  FONTAINE'S  FABLES.     Books  I.— VI.     Edited  by  L.  M. 

MORIARTY,  B.A.  [In  preparation. 

MOLIERE— LES  FEMMES  SAVANTES.    By  G.  E.  FASNACHT. 

MOLIERE— LE  MISANTHROPE.     By  the  same  Editor,     is. 
MOLIERE-LE    MEDECIN    MALGRE    LUL       By   the    same 

Editor,     is. 
MOLIERE— L'AV  A  RE.     Edited  by  L.    M.    MORIARTY,    B.A., 

late  Assistant-Master  at  Rossall.     is. 
MOLIERE— LE  BOURGEOIS  GENTILHOMME.     By  the  same 

Editor,     is.  fid. 
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RACINE— BRITANNIC  US.  Edited  by  EUGENE  PELLISSIER, 
Assistant- Ma.ster  in  Clifton  College,  and  Lecturer  in  University 
College,  Bristol.  [In  preparation. 

SCENES  IN  ROMAN  HISTORY.  SELECTED  FROM 
FRENCH  HISTORIANS.  Edited  by  C.  COLBECK,  M.A.,  late 
Fellow  of  Trinity  College,  Cambridge;  Assistant-Master  at 
Harrow.  [In  preparation. 

SAND,  GEORGE— LA  MARE  AU  DIABLE.  Edited  by  W.  E. 
RUSSELL,  M.A.,  Assistant  Master  in  Haileybury  College,  u. 

SAND,  GEORGE— HISTOIRE  DE  MA  VIE.  Selections,  Edited 
by  M.  EUGENE  JOEL,  Assistant-Master  in  Clifton  College. 

[In  preparation. 

SANDEAU,  JULES— MADEMOISELLE  DE  LA  SEIGLIERE. 
Edited  by  H.  C.  STEEL,  Assistant  Master  in  Wellington  College. 
is.  6d. 

THIERS'S  HISTORY  OF  THE  EGYPTIAN  EXPEDITION. 
Edited  by  Rev.  H.  A.  BULL,  M.A.  Assistant-Master  in 
Wellington  College.  [In preparation. 

VOLTAIRE— CHARLES  XII.  Edited  by  G.  E.  FASNACHT.  3s.6d. 

***  Other  volumes  to  follow. 
(See  also    German  Authors,    page  62.) 

Masson  (Gustave). — A  COMPENDIOUS  DICTIONARY 

OF  THE  FRENCH  LANGUAGE  (French-English  and  English- 
French).  Adapted  from  the  Dictionaries  of  Professor  ALFRED 
ELWALL.  Followed  by  a  List  of  the  Principal  Diverging 
Derivations,  and  preceded  by  Chronological  and  Historical  Tables. 
By  GUSTAVE  MASSON,  Assistant  Master  and  Librarian,  Harrow 
School.  New  Edition.  Crown  8vo.  6s. 

Moliere. — LE  MALADE  IMAGINAIRE.  Edited,  with  intro- 
duction and  Notes,  by  FRANCIS  TARVER,  M.A.,  Assistant  Master 
at  Eton.  Fcap.  8vo.  2s.  6d. 

(See  also  MacmUlan's  Foreign  School  Classics.) 


GERMAN, 

HUSS. — A  SYSTEM  OF  ORAL  INSTRUCTION  IN  GERMAN, 
by  means  of  Progressive  Illustrations  and  Applications  of  the 
leading  Rules  of  Grammar.  By  HERMANN  C.  O.  Huss,  Ph.D. 
Crown  8vo.  5*. 
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Macmillan's  Progressive  German  Course.     By  G. 

EUGENE  FASNACHT. 
PART  I. — FIRST  YEAR.     Easy  Lessons  and  Rules  on  the  Regular 

Accidence.     Extra  fcap.  8vo.     is.  6d. 
Part  II.— SECOND  YEAR.      Conversational  Lessons   in   Systematic 

Accidence  and  Elementary  Syntax.  With  Philological  Illustrations 

and  Etymological  Vocabulary.     Extra  fcap.  8vo.     2s. 
Part  III. — THIRD  YEAR.  \In  preparation. 

Macmillan's    Progressive    German    Readers.     By 

G.  E.  FASNACHT. 

I. — FIRST  YEAR,  containing  an  Introduction  to  the  German  order 
of  Words,  with  Copious  Examples,  extracts  from  German  Authors 
in  Prose  and  Poetry  ;  Notes,  and  Vocabularies.  Extra  Fcap.  Svo., 
2s.  6d. 

Macmillan's   Primary    German    Reading    Books. 
(See  page  59.) 

Macmillan's    Foreign    School    Classics.     Edited  by 
G.  EUGENE  FASNACHT,  i8mo. 

GERMAN. 

GOETHE— GOTZ  VON  BERLICHINGEN.  Edited  by  H.  A. 
BULL,  M.A.,  Assistant  Master  at  Wellington  College.  2s. 

GOETHE— FAUST.  PART  I.  Edited  by  JANE  LEE,  Lecturer 
in  Modem  Languages  at  Newnham  College,  Cambridge. 

[In  preparation. 

HEINE— SELECTIONS  FROM  THE  REISEBII.DER  AND 
OTHER  PROSF,  WORKS.  Edited  by  C.  COLBECK,  M.A., 
Assistant-Master  at  Harrow,  late  Fellow  of  Trinity  College, 
Cambridge.  2s.  6d. 

SCHILLER— MINOR  POEMS.  Selected  and  Edited  by  E.  J. 
TURNER,  B.A.,  and  E.  D.  A.  MORSHEAD,  M.A.  Assistant- 
Masters  in  Winchester  College.  [In  preparation. 

SCHILLER— DIE  JUNGFRAU  VON  ORLEANS.  Edited  by 
JOSEPH  GOSTWICK.  zs.  6d. 

SCHILLER— MARIA  STUART.  Edited  by  C.  SHELDON,  M.A., 
D.Lit.,  of  the  Royal  Academical  Institution,  Belfast,  zs.  6d. 

SCHILLER— WILHELM  TELL.      Edited  by  G.  E.  FASNACHT. 

[In  preparation. 

UHLAND— SELECT  BALLADS.  Adapted  as  a  First  Easy  Read- 
ing Book  for  Beginners.  Edited  by  G.  E.  FASNACHT.  it. 

V  Other  Volumes  to  follow. 
(See  also  Ftenth  Authors,  page  60.) 
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Pellissier. — FRENCH  ROOTS  AND  THEIR  FAMILIES.  By 

EUGENE  PELLISSIER.  Lecturer  at  University  College,  and  at 
Clifton  College,  Bristol.  Globe  8vo.  [/»  the  press. 

Pylodet. — NEW  GUIDE  TO  GERMAN  CONVERSATION; 

containing  an  Alphabetical  List  of  nearly  800  Familiar  Words ; 
followed  by  Exercises  ;  Vocabulary  of  Words  in  frequent  use  ; 
Familiar  Phrases  and  Dialogues ;  a  Sketch  of  German  Literature, 
Idiomatic  Expressions,  &c.  By  L.  PYLODET.  i8mo,  cloth  limp. 

23.  6d. 

Whitney. — Works  by  W.  D.   WHITNEY,   Professor  of  Sanskrit 

and  Instructor  in  Modern  Languages  in  Yale  College. 
A  COMPENDIOUS  GERMAN  GRAMMAR.  Crown  8vo.  4*.  6d. 
A  GERMAN  READER  IN  PROSE  AND  VERSE.     With  Notes 
and  Vocabulary.     Crown  8vo.     $s. 

Whitney  and  Edgren. — A  COMPENDIOUS  GERMAN 

AND  ENGLISH  DICTIONARY,  with  Notation  of  Correspon- 
dences and  Brief  Etymologies.     By  Professor  W.  D.  WHITNEY, 
assisted  by  A.  H.  EDGREN.     Crown  8vo.     "js.  6d. 
THE  GERMAN-ENGLISH  PART,  separately,  5*. 

MODERN  GREEK. 

Vincent  and  Dickson.  —  HANDBOOK  TO  MODERN 
GREEK.  By  EDGAR  VINCENT  and  T.  G.  DICKSON,  M.A. 
Second  Edition,  revised  and  enlarged,  with  Appendix  on  the 
relation  of  Modern  and  Classical  Greek  by  Professor  JEBB. 
Crown  8vo.  6s. 

ITALIAN. 
Dante.  —  THE  PURGATORY  OF  DANTE.    Edited,  with 

Translation  and  Notes,  by  A.  J.  BUTLER,  M.A.,  late  Fellow  of 
Trinity  College,  Cambridge.     Crown  8vo.     12s.  6d. 
THE  PARADISO  OF  DANTE.     Edited,  with  Translation  and 
Notes,  by  the  same  Translator.  [/«  the  press. 


DOMESTIC  ECONOMY. 

Barker.-FiRST  LESSONS    IN  THE   PRINCIPLES    OF 

COOKING.      By  LADY  BARKER.     New  Edition.      i8mo.     if. 
Berners. — FIRST  LESSONS  ON  HEALTH.     By  J.  BERNERS. 
Nr\v  F/Won.      i8tno.      it. 
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Fawcett. — TALES  IN  POLITICAL  ECONOMY.    By  MILLI- 

CENT  GARRETT  FAWCETT.     Globe  8vo.     3.?. 

Frederick.— HINTS  TO  HOUSEWIVES  ON  SEVERAL 
POINTS,  PARTICULARLY  ON  THE  PREPARATION  OF 
ECONOMICAL  AND  TASTEFUL  DISHES.  By  Mrs. 
FREDERICK.  Crown  8vo.  is. 

"This  unpretending  and  useful  little  volume  distinctly  supplies  a  desideratum 
....  The  author  steadily  keeps  in  view  the  simple  aim  of  '  making  every-day 
meals  at  home,  particularly  the  dinner,  attractive,'  without  adding  to  the  ordinary 
household  expenses." — SATURDAY  REVIEW. 

Grand'homme.—  CUTTING-OUT  AND  DRESSMAKING. 
From  the  French  of  Mdlle.  E.  GRAND'HOMME.  With  Diagrams. 
i8mo.  is. 

Jex- Blake. —THE  CARE  OF  INFANTS.  A  Manual  for 
Mothers  and  Nurses.  By  SOPHIA  JEX-BLAKE,  M.D.,  Member 
of  the  Irish  College  of  Physicians  ;  Lecturer  on  Hygiene  at 
the  London  School  of  Medicine  for  Women  i8mo.  is. 

Tegetmeier. — HOUSEHOLD     MANAGEMENT      AND 

COOKERY.  With  an  Appendix  of  Recipes  used  by  the 
Teachers  of  the  National  School  of  Cookery.  By  W.  B. 
TEGETMEIER.  Compiled  at  the  request  of  the  School  Board  for 
London.  l8mo.  If. 

Thornton. — FIRST  LESSONS  IN  BOOK-KEEPING.  By 
J.  THORNTON.  New  Edition.  Crown  8vo.  zs.  6d. 

The  object  of  this  volume  is  to  make  the  theory  of  Book-keeping  sufficiently 
plain  for  even  children  to  understand  it. 

Wright. — THE  SCHOOL  COOKERY-BOOK.  Compiled  and 
Edited  by  C.  E.  GUTHRIE  WRIGHT,  Hon  Sec.  to  the  Edinburgh 
School  of  Cookery.  iSmo.  is. 


ART  AND  KINDRED  SUBJECTS. 
Anderson. — LINEAR    PERSPECTIVE,     AND     MODEL 

DRAWING.     A  School  and  Art  Class  Manual,  with  Questions 

and  Exercises  for  Examination,  and   Examples   of  Examination 

Papers.     By  LAURENCE  ANDERSON.      With  Illustrations.    Royal 

8vo.     zs. 
Collier. — A  PRIMER  OF  ART.     With   Illustrations.     By  JOHN 

COLLIER.     i8mo.     is. 
Delamotte.— A     BEGINNER'S     DRAWING     BOOK.       By 

P.     H.    DELAMOTTE,    F.S.A.      Progressively    arranged.     New 

Edition  improved.     Crown  8vo.     3J.  6d. 
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Thornton.— FIRST  LESSONS  IN   BOOK-KEEPING     BV 

J.  THORNTON.     New  Edition.     Crown  8vo.     as.  6d 

pla^fi:nc0hi,^SnIo0luUnde;sStatn0d^ke  ^*"»?    Book-keepin,    sufficiently 

Wright.— THE  SCHOOL  COOKERY-BOOK.  Compiled  and 
Edited  by  C.  E.  GUTHKIE  WRIGHT,  Hon  Sec.  to  the  Edinburgh 
School  of  Cookery.  iSino.  is. 


ART  AND  KINDRED  SUBJECTS. 

Anderson.— LINEAR    PERSPECTIVE,     AND     MODEL 

DRAWING.  A  School  and  Art  Class  Manual,  with  Questions 
and  Exercises  for  Examination,  and  Examples  of  Examination 
Papers.  By  LAURENCE  ANDERSON.  With  Illustrations.  Royal 
8vo.  2s. 

Collier. — A  PRIMER  OF  ART.    with  illustrations.    By  JOHN 

COLLIER.     i8mo.     u-. 

Delamotte — A    BEGINNER'S    DRAWING    BOOK.      By 

P.  H.  DELAMOTTE,  F.S.A.  Progressively  arranged.  New 
Edition  improved.  Crown  8vo.  3-r.  6d. 

Ellis.— .SKETCHING  FROM  NATURE.  A  Handbook  for 
Students  and  Amateurs.  By  TRISTRAM  J.  ELLIS.  With  a 
Frontispiece  and  Ten  Illustrations,  by  H.  STACY  MARKS, 
R.A.,  and  Twenty-seven  Sketches  by  the  Author.  Crown  8vo. 
2s.  6d.  (Art  at  Home  Series.) 

Hunt. — TALKS  ABOUT  ART.  By  WILLIAM  HUNT.  With  a 
Letter  from  Sir  J.  E.  MILLAIS,  Bart.,  R.A.  Crown  8vo.  3*.  6d. 

Taylor.— A  PRIMER  OF  PIANOFORTE  PLAYING.    By 

FRANKLIN  TAYLOR.     Edited  by  Sir  GEORGE  GROVE.    i8mo.     is. 
WORKS  ON  TEACHING. 

BlakistOn — THE  TEACHER.     Hints  on   School  Management. 

A   Handbook  for    Managers,    Teachers'   Assistants,    and    Pupil 

Teachers.      By  J.  R.  BLAKISTON,   M.A.     Crown  8vo.     2s.  6d. 

(Recommended    by    the    London,    Birmingham,    and    Leicester 

School  Boards.) 

"  Into  a  comparatively  small  bonk  he  has  crowded  a  great  deal  of  exceedingly 
useful -and  sound  advice.  It  is  a  plain,  common-sense  book,  full  of  hints  to  the 
teacher  on  the  management  of  his  school  and  his  children."— SCHOOL  BOARD 
CHRONICLE. 

Calderwood — ON  TEACHING.  By  Professor  H*:NRY  CALDER- 
WOOD.  New  Edition.  Extra  fcap.  8vo.  2s.  6d. 

f 
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Carter. — EYESIGHT  IN  SCHOOLS.  A  Paper  read  before  the 
Association  of  Medical  Officers  of  Schools  on  April  I5th,  1885. 
By  R.  BRUDENELL  CARTER,  ;F.R.C.S.,  Ophthalmic  Surgeon  to 
St.  George's  Hospital.  Crown  8vo.  Sewed,  is. 

Fearon. — SCHOOL  INSPECTION.  By  D.  R.  FEARON,  M.A., 

Assistant   Commissioner    of    Endowed    Schools.      New  Edition. 
Crown  8vo.     2s.  6d. 

Gladstone. — OBJECT  TEACHING.  A  Lecture  delivered  at 
the  Pupil-Teacher  Centre,  William  Street  Board  School,  Ham- 
mersmith. By  J.  H.  GLADSTONE,  Ph.D.,  F.R.S.,  Member  of 
the  London  School  Board.  With  an  Appendix.  Crown 
8vo.  yt. 

"  It  is  a  short  but  interesting  and  instructive  publication,  and  cur  younger 
teachers  will  do  well  to  read  it  carefully  and  thoroughly.  There  is  much  in  these 
few  pages  which  they  can  learn  and  profit  by." — THE  SCHOOL  GUARDIAN. 

Hertel. — OVERPRESSURE  IN  HIGH  SCHOOLS  IX  DEN- 
MARK. By  Dr.  HERTEL,  Municipal  Medical  Officer,  Copen- 
hagen. Translated  from  the  Danish  by  C.  GODFREY  SORENSEN. 
With  Introduction  by  J.  CRICHTON-BROWNE,  M.D.,  LL.D., 
F.R.S.  Crown  8vo.  3J.  6d. 


DIVINITY. 

*»*   For    other     Works     by     these     Authors,     see     THEOLOGICAL 
CATALOGUE. 

Abbott  (Rev.  E.  A.) — BIBLE  LESSONS.     By  the  Rev. 

E.  A.  ABBOTT,  D.D.,  Head  Master  of  the  City  of  London 
School.  New  Edition.  Crown  8vo.  4?.  6d. 

"Wise,     suggestive,    and    really    profound    initiation    into    religious    thought." 
—GUARDIAN. 

Abbott — Rushbrooke. — THE  COMMON  TRADITION  OF 

THE  SYNOPTIC  GOSPELS,  in  the  Text  of  the  Revised 
Version.  By  EDWIN  A.  ABBOTT,  D.D.,  formerly  Fellow  of  St. 
John's  College,  Cambridge,  and  W.  G.  RUSHBROOKE,  M.L., 
formerly  Fellow  of  St.  John's  College,  Cambridge.  Crown  8vo. 
3J.  6d. 

The  Acts  Of  the  Apostles.  —  Being  the  Greek  Text  as 
revised  by  Professors  WESTCOTT  and  HORT.  With  Explanatory 
Notes  for  the  Use  of  Schools,  by  T.  E.  PAGE,  M.A.,  late  Fellow 
of  St.  John's  College,  Cambridge ;  Assistant  Master  at  the  Charter- 
house. Fcap.  8vo.  41.  6d. 
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Arnold. — A  BIBLE-READING  FOR  SCHOOLS. —THE 

GREAT  PROPHECY  OF  ISRAEL'S  RESTORATION 
(Isaiah,  Chapters  xl. — Ixvi.).  Arranged  and  Edited  for  Young 
Learners.  By  MATTHEW  ARNOLD,  D.C.L.,  formerly  Professor 
of  Poetry  in  the  University  of  Oxford,  and  Fellow  of  Oriel 
New  Edition.  i8mo,  cloth,  is. 

ISAIAH  XL.— LXVI.  With  the  Shorter  Prophecies  allied  to  it. 
Arranged  and  Edited,  with  Notes,  by  MATTHEW  ARNOLD. 
Crown  8vo.  5^- 

ISAIAH  OF  JERUSALEM,  IN  THE  AUTHORISED  ENG- 
LISH VERSION.  With  Introduction,  Corrections,  and  Notes. 
By  MATTHEW  ARNOLD.  Crown  8vo.  4^.  6d. 

Benham. — A  COMPANION  TO  THE  LECTIONARY.  Being 

a  Commentary  on  the  Proper  Lessons  for  Sundays  and  Holy  Days. 
By  Rev.  W.  BENHAM,  B.D.,  Rector  of  S.  Edmund  with  S. 
Nicholas  Aeons,  &c.  New  Edition.  Crown  8vo.  4^.  6J. 

Cassel. — MANUAL  OF  JEWISH  HISTORY  AND  LITERA- 
TURE ;  preceded  by  a  BRIEF  SUMMARY  OF  BIBLE  HIS- 
TORY. By  DR.  D.  CASSEL.  Translated  by  Mrs.  HENRY  LUCAS. 
Fcap.  8vo.  2s.  6d. 

Cheetham.— A  CHURCH  HISTORY  OF  THE  FIRST  SIX 
CENTURIES.  By  the  Ven.  ARCHDEACON  CHEETHAM. 
Crown  8vo.  [/«  the  press. 

Cross. — BIBLE  READINGS  SELECTED  FROM  THE 
PENTATEUCH  AND  THE  BOOK  OF  JOSHUA.  By 
the  Rev.  JOHN  A.  CROSS.  Globe  8vo.  2s.  6d. 

Curteis.— MANUAL  OF  THE  THIRTY-NINE  ARTICLES. 
By  G  H  CURTEIS,  M.A.,  Principal  of  the  Lichfield  Theo- 
logical College.  [In  preparation. 

Davies.— THE  EPISTLES  OF  ST.  PAUL  TO  THE  EPHE- 
SIANS,  THE  COLOSSIANS,  AND  PHILEMON;  with 
Introductions  and  Notes,  and  an  Essay  on  the  Traces  of  Foreign 
Elements  in  the  Theology  of  these  Epistles.  By  the  Rev.  J. 
LLEWELYN  DAVIES,  M.A.,  Rector  of  Christ  Church,  St.  Mary- 
lebone;  late  Fellow  of  Trinity  College,  Cambridge.  Second 
Edition.  Demy  8vo.  7*.  6d. 

Drummond.— THE  STUDY  OF  THEOLOGY,  INTRO- 
DUCTION TO.  By  JAMES  DRUMMOND,  LL.D.,  Professor  of 
Theology  in  Manchester  New  College,  London.  Crown  8vo.  $s. 

Gaskoin.— THE  CHILDREN'S    TREASURY   OF   BIBLE 

QTHRTFS  Bv  Mrs  HERMAN  GASKOIN.  Edited  with  Preface 
?jRev  G  F.  MACLEAR,D.D.  PAWL-OLD  TESTAMENT 
HISTORY  iSrno  is.  PART  II.-NEW  TESTAMENT.  i8mo. 
S  PART  III  -THE  APOSTLES :  ST.  JAMES  THE  GREAT, 
ST  PAUL,  AND  ST.  JOHN  THE  DIVINE.  l8mo.  is. 
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Golden  Treasury  Psalter.— students'  Edition.    Being  an 

Edition  of  /'The  Psalms  .  Chronologically  arranged,  by  Four 
Friends,"  with  briefer  Notes.  iSmo.  3^.  6ii. 

Greek    Testament. — Edited,    with    Introduction    and   Appen- 
dices, by  CANON    WESTCOTT  and  Dr.  F.  J.  A.   HORT.      T»vo 
Vols.     Crown  Svo.     ior.  6d.  each. 
Vol.  I.  The  Text. 
Vol.  II.   Introduction  and  Appendix. 

Greek  Testament. — Edited  by  Canon  WESTCOTT  and  Dr. 
HURT.  School  Edition  of  Text.  I2mo.  cloth.  45.  6d.  iSrno. 
roan,  red  edges.  5^.  6d. 

Greek  Testament. — THE  ACTS  OF  THE  APOSTLES. 

Being  the  Greek  Text  as  revised  by  Drs.  WESTCOTT  and  HORT. 
With  Explanatory  Notes  by  T.  E.  PAGE,  M.A.,  Assistant  Master 
at  the  Chartehouse.  Fcap.  Svo.  4?.  6J. 

The  Greek  Testament  and  the  English  Version, 
a  Companion  to.  By  PHILIP  SCHAFF,  D.D.,  President 
of  the  American  Committee  of  Rev.sion.  With  Facsimile 
Illustrations  of  MSS..  and  Standard  Editions  of  the  New  Testa- 
ment. Crown  Svo.  izs. 
Hardwick. — Works  by  Archdeacon  HARDWICK  :— 

A  HISTORY  OF  THE  CHRISTIAN  CHURCH.  Middle 
Age.  From  Gregory  the  Great  to  the  Excommunication  of 
Luther.  Edited  by  WILLIAM  STUBBS,  M.A.,  Regius  Professor 
of  Modern  History  in  the  University  of  Oxford.  jWith  Four 
Maps.  New  Edition.  Crown  Svo.  los.  6d. 

A  HISTORY  OF  THE  CHRISTIAN  CHURCH  DURING 
THE  REFORMATION.  Fifth  Edition.  -  Edited  by  Professor 
STUBBS.  Crown  Svo.  IDS.  6d. 

Jennings  and  Lowe.— THE  PSALMS,  WITH  INTRO- 
DUCTIONS AND  CRITICAL  NOTES.  By  A.  C.  JENM.XG?, 
M.A.  ;  assisted  in  parts  by  W.  H.  LOWE,  M.A.  In  2  vols. 
Second  Edition  Revised.  Crown  Svo.  los.  fxl.  each. 
Lightfoot. — Works  by  Right  Rev.  J.  B.  LIGHTFOOT,  D.D., 
D.C.L..  LL.D.  Lord  Bishop  of  Durham. 

ST.  PAUL'S  EPISTLE  TO  THE  GALATIANS.  A  Revised 
Text,  with  Introduction,  Notes,  and  Dissertations.  Eighth 
Edition,  revised.  Svo.  12s. 

ST.  PAUL'S  EPISTLE  TO  THE  PHILIPPIANS.  A  Revised 
Text,  with  Introduction,  Notes,  and  Dissertations.  Eighth 
Edition,  revised.  Svo.  12s. 

ST.  CLEMENT  OF  ROME —THE  TWO  EPISTLES  TO 
THE  CORINTHIANS.  A  Revised  Text,  with  Introduction  and 
Notes.  8vo.  Ss.  6J. 
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Llghtfoot — Works  by  Rev.  J.B.LlGHTFOOT.D.  ~D.,kc.(conti»i<ed}— 
ST.  PAUL'S  EPISTLES  TO  THE  COLOSSIANS   AND  TO 

PHILEMON.     A   Revised   Text,     with    Introductions,     Notes, 

and  Dissertations.     Seventh  Edition,   revised.     8vo.  .  12s. 
THE    APOSTOLIC    FATHERS.     Part   II.     S.    IGNATIUS— 

S.    POLYCARP.      Revised   Texts,    with    Introductions,    Notes, 

Dissertations,  and  Translations.     2  volumes  in  3.     Demy  Svo.  48^. 
Maclear. — Works  by  the  Rev.  G.  F.  MACLEAR,  D.D.,  Warden  of 

St.   Augustine's  College,   Canterbury,  and   late   Head-Master  of 

King's  College  School,  London  : — 
A  CLASS-BOOK  OF  OLD   TESTAMENT  HISTORY.     New 

Edition,  with  Four  Maps.     i8mo.     4s.  6d. 
A     CLASS-BOOK     OF     NEW     TESTAMENT     HISTORY, 

including   the    Connection  of  the    Old    and     New    Testaments. 

With  Four  Maps.     New  Edition.     iSmo.     5.?.  6d. 
A  SHILLING  BOOK   OF    OLD    TESTAMENT    HISTORY, 

for  National  and  Elementary  Schools.     With  Map.     i8mo,  cloth. 

New  Edition. 
A   SHILLING   BOOK   OF  NEW   TESTAMENT  HISTORY, 

for  National  and  Elementary  Schools.     With  Map.     i8mo,  cloth. 

New  Edition. 

These  works  have  been  carefully  abridged  from   the  Author's 


large  manuals. 

LASS-1 


CLASS-BOOK  OF  THE  CATECHISM  OF  THE  CHURCH 
OF  ENGLAND.  New  Edition.  i8mo.  is.  6d. 

A  FIRST  CLASS-BOOK  OF  THE  CATECHISM  OF  THE 
CHURCH  OF  ENGLAND.  With  Scripture  Proofs,  for  Junior 
Classes  and  Schools.  New  Edition.  i8mo.  6d. 

A  MANUAL  OF  INSTRUCTION  FOR  CONFIRMATION 
AND  FIRST  COMMUNION.  WITH  PRAYERS  AND 
DEVOTIONS.  32mo.  cloth  extra,  red  edges.  2s. 

Maurice. — THE  LORD'S  PRAYER,   THE  CREED,  AND 

THE  COMMANDMENTS.  A  Manual  for  Parents  and 
Schoolmasters.  To  which  is  added  the  Order  of  the  Scriptures. 
By  the  Kev.  F.DENISON  MAURICE,  M.  A.  iSmo,  cloth,  limp.  is. 
Procter. — A  HISTORY  OF  THE  BOOK  OF  COMMON 
PRAYER,  with  a  Rationale  of  its  Offices.  By  Rev.  F.  PROCTER. 
M.A.  Seventeenth  Edition,  revised  and  enlarged.  Crown  8vo. 
loj.  6d. 

Procter  and  Maclear. — AN    ELEMENTARY     INTRO- 

DUCTION  TO  THE  BOOK  OF  COMMON  PRAYER.  Re- 
arranged and  supplemented  by  an  Explanation  of  the  Morning 
and  Evening  Prayer  and  the  Litany.  By  the  Rev.  F.  PROCTER 
and  the  Rev.  Dr.  MACLEAR.  New  and  Enlarged  Edition, 
containing  the  Communion  Service  and  the  Confirmation  and 
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